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— Report  by,  2. 

Hinckley,  Howard  Vernon.— Admit- 
ted as  Member,  155,  156. 

HoLLOWAY,  J.  F.— Discussion  bj'-,  95. 

House  of  the  Society,  45. 

Hubbard,  Gov. — Address  by,  92. 

Humphreys,  Andrew  A. — Death  an- 
nounced, 156. 

Hunt,  Randell. — Admitted  as  Mem- 
ber, 85,  89. 

HuTTON,  William  R. — Censor  to 
award  Norman  Medal,  154. 

Iron,  Srength  of  Wrought-Iron  Struts, 
by  James  Christie,  151. 

James,  John  Collinson. — Death  an- 
nounced, 80,  84. 

Jennings,  William  Henry. — Admitted 
as  Member,  135,  145. 

Jervis,  John  B. — Discussion  by,  29. 

Keating,  Edward  H. — Paper  by,  154. 
Kendrick,  John  William. — Admitted 

as  Member,  106,  119. 
Kennedy,    John. — Censor    to    award 

Norman  Medal,  5. 
Kimball,    Francis   W. — Admitted   as 

Member,  85,  156. 
Knap,  Joseph  M. — Discussion  by,  136. 
Kneass,  Strickland. — Resignation  of, 

156. 

Lawler,  John. — Admitted  as  Fellow, 
89,  136.— Paper  by,  95. 
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LE  BAKON. 

Le  Baron,  J.  Fras. — Presents  speci- 
men of  preserved  timber,  86. 

Le  Conte,  Louis  J. — Paper  by,  155. 

Ledeele,  George  A. — Admitted  as 
Junior,  85,  89. 

Lehlbach,  Gustav. —  Admitted  as 
Member,  63,  83. 

Library.— Additions  to,  113,  129.— 
Publications  and  Papers  received 
for,  56.— State  of,  51. 

Life  Membership,  6,  45,  60,  64. 

Lincoln,  William  S. — Admitted  as 
Member,  155,  156. 

LiNDENTHAL,  GusTAV.  —Paper  by,  96. 

List  of  Members  — Additions  to,  61, 
83,  89,  119,  145,  156. 

—  Changes   and    Corrections   of   Ad- 

dress, 61,  83,  89,  120,  146. 

—  Deaths,  84,  90,  120,  148,  156. 

—  Resignations,  156. 

LocKwooD,  John. — Discussion  by,  10. 
LowETH,     Charles    Frederick. — Ad- 
mitted as  Junior,  59,  61, 

Macdonald,  Charles. — Discussion  by, 
39,  73,  85.— Offers  Resolution, 
79.— On  Committee,  26. 

Mais,  Henry  Coathupe.  — Admitted  as 
Member,  106. 

Man,  Axbon  Platt,  Jr. — Admitted  as 
Member,  135,  145. 

Mansfield,  M.  William. — Admitted 
as  Member,  61. 

Mark,  George  A. — Admitted  as  Mem- 
ber, 145,  149. 

Martin,  Charles  C. — On  Committee, 
108. 

McCooL,  Daniel. —Admitted  as  Mem- 
ber, 135,  145. 

McDonald,  Hunter.— Admitted  as 
Junior,  79,  83. 

McGrath,  Wallace. — Admitted  as 
Member,  135,  145. 

McMath,  Robert  E.— Discussion  by, 

Meetings.— Of  the  Board  of  Direction. 
(See  Minutes.) 

—  Of  the  Society.     (See  Minutes.) 
Meier,   Edward    D. — Discussion   bv, 

,95.  ^ 

Members.— Additions  to.  (See  List.) 
— Ballots  for.  (See  Ballots.) — 
Changes  of  Address.  (See  List.) 
—Deaths.  (See  List.)— Resigna- 
tions. (See  List.) 
Membership.— Statement  of,  44,  49. 

—  Life,  6,  45,  60,  64. 

Memoirs  of  Deceased  Members,  121, 
137, — William  Raymond  Morley, 
121,— Ashbel  Welch,  137. 


MENDELL. 

Mendell,  George  H. — Report  by,  18. 

Merrill,  William  E. — Censor  to 
award  Norman  Medal,  5. — 
Elected  Director,  5. — On  Commit- 
tee, 60. 

Metcalf,  William. — Address  by,  98. 
— Elected  Director,  5. 

Metrological  Investigations,  by  0.  E. 
Michaelis,  96. 

MiCHAELis,  O.  E. — Discussion  by,  26, 
38.— Paper  by,  96.— Report  by, 
111. 

Minneapolis,  Convention  at,  97. 

Minnetonka,  Lake,  105. 

Minutes  of  Annual  Convention  at  St. 
Paul  and  Minneapolis,  Minn., 
June  19,  20,  21,  22,  1883.— Called 
to  order  by  John  Bogart,  Secre- 
tary of  the  Society,  10  a.  m.,  June 
19,  in  the  Capitol  at  St.  Paul,  91  ; 
Director  George  S,  Greene,  Jr., 
called  to  the  chair  ;  address  by 
J.  W.  Bishop,  Chairman  of  Local 
Committee  ;  address  by  Governor 
Hubbard  ;  address  by  George  S. 
Greene,  Jr.,  92;  address  by  Mayor 
O'Brien,  93  ;  Election  of  D.  C. 
Shepard  as  permanent  Chairman  ; 
address  by  D.  C.  Shepard,  94  ; 
"Preservation  of  tbe  Falls  of  St. 
Anthony,"  by  F.  U.  Farquhar, 
read  and  discussed;  "Cost  of 
Steam  Power,"  by  Charles  E. 
Emery,  read,  95. — Second  Session, 
St.  Paul,  June  20, 10:30  a.m.  :  "Cost 
of  Steam  Power"  discussed  ; 
"Preservation  of  the  Falls  of  St. 
Anthony  "  discussed  ;  "  An  Acci- 
dent to  Steam  Pipes  arising  from 
the  use  of  Blast  Furnace  Wool," 
by  T,  Egleston,  read  and  dis- 
cussed ;  "Railway  Pontoon 
Bridge,"  by  John  Lawler,  read 
and  discussed,  96  ;  "  Rebuilding 
the  Monongahela  Bridge  at  Pitts- 
burgh," by  G.  LiNDENTHAL,  Tcad 
and  discussed, 96. — Third  Session, 
St.  Paul,  June  21,  10:30  a.  m.  : 
"The  Water  Power  of  the  Falls 
of  St.  Anthony,"  by  Joseph  P, 
Frizell,  read  and  discussed ; 
"The  Current-Meter,  and  why  the 
Maximum  Velocity  of  Water  tiow- 
ing  in  Open  Channels  is  Below 
the  Surface,"  by  F.  F.  Stearns, 
read  and  discussed ;  "  Metrologi- 
cal Investigations  "by  O.  E. 
Michaelis,  read  ;  ' '  Use  of  the 
Nasmyth  Pile  Driver,"  by  D.  J. 
Whittemore,  read  and  discussed; 
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MINUTES. 

Kecess  and  Business  Meeting  ; 
^'Kailway  Track  Repairs,"  by 
Benjamin  Reece,  read  ;  "  Cause 
of  Decay  in  Timber,"  by  J.  W. 
Putnam,  read  ;  Resolutions  of 
Thanks  passed,  96.— Fourtii  Ses- 
sion, Minneapolis,  June  22,  10:30 
A.  M.  :  Chakles  F.  Hatch,  Chair- 
man of  Local  Committee,  in  the 
Chair,  97;  address  by  H.  E. 
Rand,  Ex-Mayor;  address  by 
William  Metcalf,  98;  "How can 
Railways  be  made  more  Efficient 
for  theTransporfcation  of  Freight?" 
by  William  P.  Shinn,  read  ;  List 
of  Members  in  Attendance,  103; 
Visit  to  Chicago,  104  ;  Visits  to 
Minnetonka,  Fort  Snelling,  Min- 
nehaha, Lake  Calhoun  ;  Excur- 
sion on  the  Mississippi  and  St. 
Croix  to  Stillwater,  105. 

Minutes  of  Meetings  of  the  Board  of 
Direction,  60,  80,  112,  136,  154, 
155. 

■ —  January  2,  1883,  Proposals  con- 
sidered ;  appropriations  made  ; 
arrangements  for  Annual  Meeting 
made,  60. 

—  January   15,    1883,    Proposals   con- 

sidered ;  appropriations  made  ; 
Annual  Report  adopted,  60. 

—  January   20,  1883,  Standing   Com- 

mittees appointed ;  Proposals  con- 
sidered ;  action  taken  as  to  Tests 
of  Materials  ;  as  to  Ballots  for 
Amendments  to  the  Constitution, 
€0. 

—  February   14,  1883,  Proposals   con- 

sidered ;  action  taken  as  to 
Arrears  of  Dues  ;  as  to  Norman 
Medal  ;  as  to  Tests  of  Structural 
Materials  ;  as  to  Rowland  Prize  ; 
Resolutions  received  as  to  death 
of  AsHBEL  Welch  ;  appropriations 
made,  60. 

—  March    7,     1883,    Proposals     con- 

sidered ;  Financial  business  trans- 
acted, 80. 

—  March  14,  1883,  action   taken  as  to 

award  of  Norman  Medal  ;  Rules 
for  award  of  Rowland  Prize 
adopted  ;  Members  dropped  on 
account  of  Arrears  of  Dues  ;  Ap- 
propriations made,  80. 

—  April     4,     1883,     Proposals     con- 

sidered ;  arrangements  for  Con- 
vention made,  81. 

—  April   11,    1883,    General   business 

transacted,  81. 
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—  April   13,   1883,  Arrangements   for 

Convention  considered,  81. 

—  April   18,  1883,    Arrangements   for 

Convention  considered ;  appro- 
j)riations  made,  81. 

—  May  2,  1883,  Proposals  considered  ; 

Financial  business  transacted, 
112. 

—  May  9,  1883,  Proposals  considered, 

112. 

—  June     6,      1883,     Proposals      con- 

sidered ;  arrangements  made  for 
Convention  ;  order  made  that  no 
meetings  of  the  Society  be  held 
during  July  and  August,  112. 

—  June  16,  1883,  Convention  arrange- 

ments made,  112. 

—  August     8,     1883,    Proposals    con- 

sidered ;  action  taken  as  to 
Arrears  of  Dues  ;  appropriations 
made,  136. 

—  September  5,  1883,  Proposals  con- 

sidered ;  action  taken  as  to 
Library,  136. 

—  October    3,    1883,    Proposals    con- 

sidered ;  action  taken  as  to 
Arrears  of  Dues  ;  Society  of 
Mechanical  Engineers  invited  to 
hold  meeting  in  Society  House, 
136. 

—  October  31,    1883,   Proposals    con- 

sidered ;  Censors  to  award  Nor- 
man Medal  and  Committee  to 
award  Rowland  Prize  appointed  ; 
Report  of  Nominating  Committee 
received,  154. 

—  November   7,  1883,  Proposals   con- 

sidered ;  Names  of  Engineers  se- 
lected at  request  of  Councils  of 
Philadelphia  ;  action  taken  as  to 
Membership  ceasing  on  account 
of  Arrears  of  Dues,  154. 

—  December  5,  1883,  Proposals   con- 

sidered ;  arrangements  made  for 
Annual  Meeting  and  for  prepara- 
tion of  Annual  Reports,  155. 
Minutes  of  Meetings  of  the  Society, 
1,  59,  63,  67,  79,  80,  85,  86,  91.  106, 
108,  135,  136,  149,  151,  153,  154, 
155. 

—  Janiiary  3,  1883,  Ballots  canvassed; 

"  Railroad  Economics  as  a  Pseu- 
do-Science," bj''  William  P. 
Shinn,  read  and  discussed,  59. 

—  -January   17,  1883.       The    Annual 

Meeting:  Vice-President  William 
P.  Paine  in  the  chair;  Annual 
Reports  of  Board  of  Direction,  of 
Treasurer,  of  Finance  Committee ; 
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Committee  on  Uniform  System 
for  Tests  of  Cements  continued; 
Report  of  Committee  on  Standard 
Time  read,  accepted,  and  com- 
mittee continued  and  resolutions 
on  the  subject  adopted,  1;  Of- 
ficers of  tiie  Society  elected;  Re- 
port of  Censors  to  award  Norman 
Medal;  the  medal  awarded  to 
paper  by  A.  Fteley  and  F.  P. 
Steakns;  Determination  of  Min- 
neapolis and  St.  Paul  for  next 
Annual  Convention,  5;  Amend- 
ment to  Constitution  providing 
for  Compounding  of  Dues  dis- 
cussed, amended  and  recom- 
mended for  adoption,  6;  Amend- 
ment to  Constitution  in  reference 
to  method  for  amending  dis- 
cussed and  recommended  for 
adoption,  14;  Amendment  to 
Constitution  providing  for  form- 
ation of  Sections  discussed,  15; 
Eecess  for  Lunch;  Session  re- 
sumed; Rejiort  of  Committee  on 
Preservation  of  Timber  read,  ac- 
cepted and  Committee  continued; 
Discussion  on  Amendment  to 
Constitution  providing  for  form- 
ation of  Sections  resumed,  18; 
Amendment  referred  to  a  Com- 
mittee; Subject  of  Tests  of  Struc- 
tural Materials  discussed,  26  ; 
Appointment  of  Committee  on 
that  subject  referred  to  Board  of 
Direction;  Paper  on  "Increased 
Efficiency  of  Railways  for  the 
Transportation  of  Freight,"  by 
William  P.  Shinn,  discussed  ; 
Committee  reported  Amendment 
of  Constitution  providing  for  for- 
mation of  Sections,  29;  Amend- 
ment discussed  and  recommend- 
ed for  adoption,  30;  Paper  on 
"Increased  Efficiency  of  Rail- 
ways for  the  Transportation  of 
Freight"  discussed;  Recess;  Dis- 
cussion resumed  at  8  p.  m.  ; 
Deaths  of  Edgar  S.  Gary,  of 
Theodore  G.  Ellis,  and  of  Wil- 
liam R.  MoRLEY  announced;  List 
of  Members  in  Attendance,  40; 
Programme  of  Meeting  and  Ex- 
cursions, 41. 

February  7,  1883,  Death  of  Charles 
E.  Fowler  announced;  Tests  of 
Structural  Materials  discussed, 59. 

February  21,  1883,  "Weights  and 
Measures,"  by  Jacob  M.  Clark, 
read  and  discussed,  59. 
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March  7,  1883,  Ballots  for  Member- 
ship canvassed;  Ballots  for  pro- 
posed Amendments  to  Constitu- 
tion canvassed;  the  Amendment 
in  reference  to  method  of  amend- 
ing the  Constitation  adopted;  the 
Amendments  providing  for  Com- 
pounding Dues  not  adopted;  the 
Amendments  providing  for  form- 
ation of  Sections  not  adopted, 
63;  Subject  of  Degree  to  be  con- 
ferred by  Technical  Institutions 
discussed  and  referred  to  Com- 
mittee, 65;  "The  Flow  of  Water 
in  Pipes,"  by  Hamilton  Smith,  Jr., 
read  and  discussed,  67. 

March  21,  1883,  Death  of  James  O. 
Morse  announced;  Tests  of 
Structural  Materials  discussed, 67. 

April  4,  1883,  Ballots  for  Member- 
ship canvassed;  Death  of  Peter 
Cooper  announced;  "Geodetic 
Field  Work,"  by  G.  Y.  Wisner, 
read  and  discussed,  79. 

April  18,  1883,  Deaths  of  John 
CoLLiNSON  James  and  of  Simeon 
Sheldon  announced;  "Proper 
Compensation  for  Railway  Curves 
on  Grades,"  by  William  R. 
MoRLEY,  read   and  discussed,  80. 

May  2,  1883,  Ballots  for  Members 
ship  canvassed;  Death  of  Mil- 
ton Courtwright  announced; 
"Suggestions  as  to  the  Conditions 
proper  to  be  required  in  High- 
way Bridge  Construction,"  hj 
J.  A.  L.  Waddell,  read  and  dis- 
cussed, 85. 
■  May  16,  1883,  "Increased  Effic- 
iency of  Railways  for  the  Trans- 
portation of  Freight  "  discussed; 
Progress  of  Panama  Ship  Canal 
discussed,  86. 

-  June  6,  1883,  Ballots  for  Member- 

ship canvassed ;  Death  of  George 
W.  Dresser  announced ;  Report 
presented  of  Committee  in  refer- 
ence to  Engineering  Degrees; 
"Increased  Efficiency  of  Rail- 
ways for  the  Transportation  of 
Freight"  discussed,  106. 

-  June  21,  1883,  Business  Meeting  at 

Annual  Convention;  Appointment 
of  Nominating  Committee;  Re- 
port of  Committee  on  Uniform 
System  for  Tests  of  Cements,  and 
Committee  continued ;  Report  of 
Committee  on  Preservation  of 
Timber,  and  Committee  con- 
tinued; Report  of  Committee   on 
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Uniform  Standard  Time,  108; 
Report  discussed  and  Committee 
continued;  Report  of  Committee 
on  Aid  for  carrying  on  Tests  of 
Structural  Materials,  111. 

—  September    5,    1883,    Ballots     for 

Membership  canvassed;  Election 
of  Fellows  announced;  Deaths 
announced  of  Francis  U.  Fae- 
QUHAR,  and  of  Redmond  J. 
Bkough;  Vibration,  or  the  Effect 
of  Passing  Trains  on  Iron 
J  bridges,  Masonry  and  other 
Structures,"  by  James  L.  Ran- 
dolph, read  and  discussed,   135. 

—  September  19,  1883,  Death  of  John 

C.  Tkautwine  announced;  "In- 
creased Efficiency  of  Railways  for 
the  Transportation  of  Freight  " 
discussed;  "On  an  Economical 
and  Efficient  Railroad  Bridge 
Floor,"  by  W.  Howard  White, 
read  and  discussed,  136. 

—  October  3,  1883,  Ballots  for  Mem- 

bership canvassed;  Deaths  an- 
nounced of  George  D.  Ansley 
and  of  S.  S.  Montague;  "  Experi- 
ments on  the  Strength  of 
Wrought-Iron  Struts,"  by  James 
Christie,  read  and  discussed,  149. 

—  October     17,     1883,      "Cranes    as 

Labor-Saving  Machines,"  by 
Charles  J.  Appleby,  read  and 
discussed,  151. 

—  November      7,    1883,    Ballots    for 

Membership  canvassed;  Deaths 
announced  of  Thomas  J.  Seely 
and  of  Henry  Farnam;  "  Descrip- 
tion of  a  Combined  Triangular 
and  Suspension  Bridge  Truss," 
by  Edwin  Thachee,  read  and  dis- 
cussed; Samples  of  Foreign 
Woods  presented  by  James  D. 
Schuyler  and  by  F.  J.  Cisneros, 
and  of  Native  Woods  hj  J.  M. 
Goodwin,  153. 

—  November    21,    1883,    "The  Shu- 

benacadie  Canal,"  by  Edward  H. 
Keating,  read  and  discussed;  a 
Hydraulic  Canal,  built  in  very 
cold  weather,  described  by 
Charles  C.  Smith;  Standard 
Time  discussed,  154. 
.—  December  5,  1883,  Ballots  for 
Membership  canvassed;  Deaths 
announced  of  Arthur  Spielmann 
and  of  Howard  Schuyler, 
"Dredging  Operations  at  Oak- 
land Harbor,  Cal.,"  by  L.J.  Le 
CJoNTE,  read   and  discussed,  155. 


MITCHELL. 

Mitchell,  Alexander. — Admitted  as 
Fellow,  136,  146. 

Montague,  Samuel  S.  —  Death  an- 
nounced, 149. 

Moore,  Robert.  —Nomination  for  Ad- 
visory Board,  154. 

MoEisoN,  George  S. — Discussion  by, 
59. 

Morley,  William  R. — Death  an- 
nounced, 40,  62. — Memoir  of. 
121.— Paper  by,  80. 

Morris,  Charles  J.  A. — Admitted  as 
Member,  149,  156. 

Morse,  James  O. — Death  announced, 
■  67,  84. 

MuNROE,  Henry  S. — Resignation  of, 
156. 

Nasmyth  Pile  Driver,  by  D.  J. 
Whittemoee,   96. 

Nexsen,  Elbert. — Admitted  as  Mem- 
ber, 155. 

Nomination  of  Engineers  to  serve  on 
Professional  Advisory  Board,  154. 

Nominations,  Committee  on,  108  ,  154. 

Norman  Medal. — Award  of,  5,  60,  80. — 
Board  of  Censors  to  make  award, 
154. — Rules  for  its  award,  82,  88, 
118,  127,  134. 

North,  Edward  P. — Discussion  by, 
21,  33,  60,  67,  80.— Nomination 
for  Advisory  Board,  154. 

O'Brien,  Mayor. — Address  by,  93. 
O'Hanly,    John   L.    P.— Admitted  as 
Member,  135,  145. 

Paine,  Charles. — Discussion  by,  40. 
— Elected  President,  5. — Report 
by,  2. 

Paine,  William  H. — Discussion  by, 
8,  67,  78,  80,  136.— Elected  Vice- 
President,  5. — Makes  report,  55. 
— On  Committee,  ,60. — Presides 
at  Meeting,  1,  59,  63,  67,  80,  85, 
86,  106,  135,  136,  153,  155. 

Palmer,  Francis  I. — Resignation  of, 
156. 

Paxson,  Joseph  S. — Discussion  by, 
40. 

Pegram,  George  Heendon. — Trans- 
ferred to  Member,  59,  61. 

Periodicals  in  Library,  56. 

Peterson,  P.  A. — Censor  to  award 
Norman  Medal,  154. — Discussion 
by,  95. 

Pipes,  Flow  of  Water  in.    (See  Flow.) 

Poetsch,  Charles  J. — Transferred  to 
Member,  85,  89. 
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SCOTT. 


Polk,  GeoegeW. — Admitted  as  Mem- 
ber, 136,  145. 

Pontoon,  Kailway  Pontoon  Bridge, 
by  John  Lawlee,  95. 

Preservation  of  Timber.  (See  Com- 
mittee.) 

Peindle,  Feanklin  C. — Discussion 
by,  80,  155. 

Publications  and  Papers  received  at 
Library,   56. 

Putnam,  Joseph  W. — Paper  by,  96. — 
Report  by,  18. 

Railroad  Bridge  Floors,  by  W.  How- 
AED  White,  136. 

Railroad  Economics  as  a  Pseudo- 
Science,  bv  William  P.  Shinn, 
59. 

Railways,  How  can  Railways  be  made 
more  Efficient  for  the  Transpor- 
tation of  Freight,  by  William  P. 
Shinn,  103. 

Railways,  Increased  Efficiencj^  of 
Railways  for  the  Transportation 
of  Freight,  by  William  P.  Shinn, 
29,  86,  108,  136. 

Railway  Track  Repairs,  by  Benjamin 
Reece,  96. 

Rand,  H.  E,— Address  by,  98. 

Randolph,  James  L.— Paper  by,   136. 

Reece,  Benjamin. — ^Paper  by,  96. 

Report  of  Board  of  Direction,  1,  43, 
60. 

—  of  Finance  Committee,  1,  55. 

—  of  Treasurer,  1,  53. 

Reports  of  Committee.  (See  Commit- 
tees.) 

Resignation  of  Members.     (See  List.) 

Rich,  Watson  W. — Admitted  as  Mem- 
ber, 136,  145. 

Robeets,  Poultee  Benjamin. — Ad- 
mitted as  Member,  155. 

Rogers,  Albeet  Beaineed. — Admitted 
as  Member,  106,  119. 

Rosewatee,  Andeew. — Admitted  as 
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The  experiments  were  made  by  the  direction  of  Mr.  J.  P.  Davis, 
M.  Am.  Soc.  C.  E.,  then  City  Engineer,  for  the  ultimate  purpose  of 
determining  with  accuracy  the  flowing  capacity  of  the  conduit  which 
conveys  the  water  of  the  new  source  to  the  city,  and  of  ascertaining 
experimentally  the  correctness  of  gaugings  made  for  a  series  of  years, 
with  apparatus  of  various  forms,  of  the  flow  of  Sudbury  River,  and  of 
other  streams  connected  with  the  water  supply  of  Boston.  These 
researches  led  incidentally  to  some  other  observations  which  were  not 
originally  contemplated. 
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This  paper  relates  chiefly  to  experiments  upon  the  flow  of  water  over 
the  weirs  which  were  used  as  measuring  apparatus.  The  experiments 
and  methods  used  are  described  at  considerable  length  in  order  to  give 
the  reader  a  correct  idea  of  the  various  circumstances  under  which  the 
results  were  obtained;  but  many  small  details  are  necessarily  omitted 
which  were  found  essential  to  the  accuracy  of  the  experiments. 

The  endeavor  has  been  made  to  represent  the  results  by  such 
formulae  as  would  require  the  least  labor  in  their  practical  application, 
and,  to  this  end,  when  it  was  found  necessary  to  choose  between  a  com- 
plicated expression  and  a  more  simple  one  with  a  variable  co-efficient, 
the  latter  has  been  preferred;  and  a  table  of  co-efficients  has  been 
annexed.  In  some  cases  simple  formulae  have  been  given,  which, 
although  only  approximate,  are  sufficiently  correct  for  general  practice; 
but  in  all  cases  the  reader  can,  from  the  description  of  the  methods 
used  and  of  the  results  obtained,  form  an  idea  of  the  degree  of  accuracy 
of  the  formulae  given. 

The  Sudbury  River  works  consist  of  a  series  of  storage  reservoirs 
constructed  in  the  valley  of  the  stream;  the  water  drawn  from  them  is 
regulated  by  gates,  and  flows  into  a  natural  pond  (Farm  Pond)  165  acres 
in  area,  from  which  it  is  conveyed,  through  a  gate-house  and  a  conduit, 
to  the  distributing  reservoirs  sixteen  miles  distant.  The  water  used  for 
the  experiments  was  drawn  from  Farm  Pond;  the  weirs  and  other  gaug- 
ing apparatus  were  located  either  in  the  gate-house  or  in  the  adjacent 
portion  of  the  conduit. 

The  principal  feature  of  the  apparatus  can  be  understood  from  the 
Plates  I. ,  II.  and  III. ,  which  will  be  referred  to  and  explained  in  detail 
as  we  proceed  in  the  description  of  the  gaugings. 

Plate  I.  represents  the  various  apparatus  used  in  the  spring  of 
1877. 

They  were  used  for  determining  the  discharge  over  a  sharp-crested 
weir,  with  depth  of  water  varying  between  0 .  08  and  0 .  82  foot,  the  effect 
of  various  changes  of  forms  of  the  crest  of  the  weir,  the  discharge  over 
a  submerged  weir,  and  also  for  determining  the  flowing  capacity  of  the 
conduit. 

Plate  II.  represents  the  apparatus  used  in  the  spring  of  1878  to 
determine  the  influence  of  the  velocity  of  approach  on  the  flow  of  water 
over  the  weir,  and  the  effect  of  end  contraction. 

Plate  III.  shows  the  apparatus  erected  in  the  gate-house,  and  used 
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-in  the  winter  of  1879-80  to  measure  the  discharge  with  depths  from  0.46 
to  1.60  over  the  weir,  to  determine  the  flowing  capacity  of  the  conduit 
for  large  volumes,  and  to  test  the  accuracy  of  current-meter  measure- 
ments. 

Flow  of  Water  oveb  Weirs. — General  Remarks. 

These  experiments  having  been  attempted  originally  with  the  inten- 
tion of  measuring  the  flow  in  the  conduit  by  the  means  of  a  weir,  the 
first  step  taken  was  to  erect  one  in  such  conditions  as  should  be  war- 
ranted by  previous  practice,  and  to  verify  the  accuracy  of  the  methods 
used  by  actual  observations. 

The  flow  of  water  over  a  weir  is  the  result  of  the  action  of  gravity 
modified  by  various  secondary  causes,  such  as  the  velocity  of  approach, 
the  resistance  of  the  air,  the  temperature,  the  adhesion  of  the  water  to 
the  edge  of  the  weir,  etc.  To  these  causes  which  tend  to  modify  the 
flow,  and  which  cannot  be  entirely  eliminated,  others  may  incidentally 
be  added,  such  as  the  end  contractions,  the  form  of  the  crest,  etc.,  etc. 

In  practice  we  are,  for  lack  of  data,  compelled  to  include  in  the  main 
formula  used  for  computing  the  flow  the  influence  of  such  secondary 
modifying  causes  as  the  viscosity  of  the  water,  the  resistance  of  the  air, 
etc. ;  but  the  effect  of  all  modifying  causes  which  are  not  so  included 
must  be  computed  separately. 

To  obtain  the  value  of  the  co-efficient  in  the  main  formula  it  is  essen- 
tial to  measure  the  quantity  of  water  passing  the  weir,  and  it  is  desirable 
to  experiment  on  a  weir  where  the  flow  is  modified  as  little  as  possible 
by  secondary  causes. 

To  this  end  the  velocity  of  approach  should  be  made  as  small  as  prac- 
ticable by  deepening  the  channel  above  the  weir,  and  end  contractions 
should  be  avoided. 

The  co-efficient  to  be  used  in  the  main  formula  being  obtained,  the 
value  of  the  secondary  causes  which  tend  to  modify  the  flow  may  be 
determined  by  experiments,  during  which  the  modifying  causes  are 
introduced  in  succession,  while  the  volume  flowing  over  the  weir  remains 
constant . 

This  method  has  been  resorted  to  in  many  of  these  experiments.  It 
has  the  merit  of  eliminating  some  errors,  of  furnishing  results  rapidly, 
and,  when  the  volume  flowing  remains  very  nearly  constant,  of  furnish- 
ing results  which  cannot  be  surpassed  for  accuracy. 
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A  constant  flow  was  easily  obtained  from  Farm  Pond.  Its  natural 
outlet  was  closed  by  a  dam,  and  its  water  shed  was  so  small,  when  com- 
pared with  its  area,  that  the  level  of  the  pord,  when  no  water  was  being 
used,  scarcely  varied  from  day  to  day,  except  during  a  rain.  In  1877 
and  1878,  when  the  experiments  requiring  a  constant  flow  of  water  were 
made,  the  largest  draught  caused  a  lowering  of  the  surface  of  about 
0.015  foot  per  hour. 

Water  was  drawn  from  the  pond  into  the  weir  basin  through  orifices 
on  which  the  head  was  three  feet  or  more;  consequently  a  variation  of 
0 .  01  foot  in  the  level  of  the  pond  would  affect  the  head  on  the  orifices 
but  3^^^,  and  since  the  volume  flowing  through  an  orifice  varies  as  the 
square  root  of  the  head,  the  variation  in  volume  would  be  only  about 
one-half  as  much,  or  -^^■^y. 

This  represents  nearly  the  extreme  variation  due  to  change  in  the 
level  of  the  pond.  During  the  experiments  of  1877  the  pond  was  covered 
with  ice.  In  1878  there  was  no  ice  on  the  pond,  and  some  fluctuations 
in  the  channel  of  the  weir  were  caused  by  the  waves. 

To  illustrate  the  method  of  experimenting,  let  us  suppose  that  it  is 
to  be  applied  to  the  study  of  the  efiect  of  a  wide  crest  on  the  flow. 

The  weir  experimented  on  being  originally  constructed  in  its  most 
simple  form  with  a  sharp  crest,  a  constant  quantity  of  water  is  made  to 
pass  over  it ;  the  depth  of  water  on  this  weir  is  measured  a  sufficient  num- 
ber of  times  to  ascertain  that  the  flow  is  practically  constant ;  if,  then, 
by  a  suitable  arrangement,  a  wide  crest  is  quickly  substituted  for  the 
former,  without  otherwise  changing  the  conditions  of  the  apparatus,  the 
variation  of  the  depth  over  the  weir,  as  ascertained  by  a  number  of 
measurements  sufficient  to  give  a  reliable  result,  will  indicate  the  effect 
of  the  change  on  the  flow. 

The  advantage  of  this  method  over  the  usual  one  of  measuring  the 
water  in  a  basin  is  due  to  the  fact  that  it  eliminates  entirely  the  errors 
due  to  the  measurement  of  the  basin  and  to  the  observation  of  the  dura- 
tion of  the  experiments,  and,  to  a  great  extent,  the  inaccuracies  con- 
nected with  the  beginning  and  end  of  each  experiment,  with  the  measure- 
ments of  length  of  weir,  comparison  of  gauges  with  the  weir,  leakage  at 
weir,  irregular  velocity  of  approach,  etc.,  as  the  circumstances  of  the 
flow  are  so  nearly  alike  before  and  after  the  weir  is  modified. 


EXPERIMENTS  ON  "VELOCITY  OF  APPROACH." 

During  some  experiments  made  in  1877  (apparatus  shown  on  Plate  I.), 
as  the  flow  over  the  weir  was  being  gauged  by  the  methods  indicated  by 
Mr.  J.  B.  Francis,  and  measured  afterwards  in  the  basin  below,  it  was 
incidentally  observed  that  the  increase  of  flow  due  to  the  velocity  of  ap- 
proach appeared  to  be  greater  than  was  indicated  by  his  formula.  A 
study  of  the  observations  and  of  these  experiments  of  Mr.  Francis*  and 
of  Boileauf  indicated  that,  in  order  to  calculate  the  effect  of  velocity  of 
approach,  the  theoretical  head  due  to  that  velocity  must  be  multiplied 
by  1.8,  1.5  and  1.8  respectively.  That  Mr.  Francis  does  not  think  his 
formula  strictly  applicable  to  all  cases  may  be  seen  from  the  following 
quotations  from  his  work:J 

"When  the  sill  (of  the  weir)  is  at  a  height  above  the  bottom  of  the 
reservoirs,  not  less  than  twice  the  height  of  the  water  above  the  sill,  and 
the  sides  (of  the  reservoir)  are  removed  (from  the  side  of  the  weir)  a  dis- 
tance at  least  equal  to  the  height  above  the  sill,  a  correction  free  from 
serious  error  can  usually  be  made  for  the  eftect  of  the  velocity  of  the  water 
approaching  the  weir." 

"  The  experiments  indicate  that  the  method  is  not  strictly  accurate, 
as  might  be  anticipated,  omitting,  as  it  does,  all  consideration  of  the 
effect  produced  by  this  velocity  in  modifying  the  contraction." 

"It  is  well  known  that  such  an  effect  is  produced,  but  it  is  of  such 
a  complicated  nature  that  the  investigations  hitherto  undertaken  liave 
thrown  but  little  light  upon  it." 

These  quotations  illustrate  well  the  reasons  which  led  to  a  series  of 
investigations  on  the  subject  ;  these  reasons  being  : — to  find  a  correction 
when  the  cross-section  of  the  channel  of  approach  is  not  within  the  limits 
to  which  Mr.  Francis'  formula  applies,  and  to  obtain  more  accurate  cor- 
rections, based  on  more  numerous  experiments  made  under  a  variety  of 
conditions  as  regards  velocities,  depths  of  channel,  etc. 

It  is,  however,  almost  impossible  to  cover  all  cases  that  may  occur  in 
practice. 


*  Lowell  Hydraulic  Experiments,  by  James  B.  Francis,  M.  Am.  Soc.  C.  E.,  etc.,  N.  Y.      3d 
edition.     1871. 

t  P.  boileau  Ti-aite  de  la  mesure  des  eaiix  courantes.     Paris,  1854. 
+  Lowell  Hydraulic  ExperimeutR,  pp.  72  aud  120. 
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The  mean  velocity  of  approach  is  the  quotient  obtained  by  dividing 
the  volume  passing  the  weir  by  the  area  of  the  water  section  in  the  chan- 
nel of  approach. 

With  a  weir  having  end  contractions,  the  water  section  in  the  channel 
may  assume  many  different  forms  with  the  same  area,  and  consequently 
with  the  same  mean  velocity.  As  the  effect  of  the  velocity  of  approach 
may  change  with  the  form  of  the  section,  it  would  be  necessary,  in  order 
to  cover  all  cases,  to  make  a  large  number  of  experiments. 

This  objection  is  removed  by  the  use  of  a  weir  without  end  contrac- 
tions, as  in  this  case  the  mean  velocity,  for  any  depth  on  the  weir,  is 
dependent  upon  the  depth  of  the  channel,  but  not  upon  its  width  ; 
the  experiments  will  show  what  influence,  if  any,  the  proximity  of  the 
bottom  of  the  channel  may  have  upon  the  bottom  contraction,  and  this 
effect  will  be  constant  for  all  weirs  of  similar  construction,  regardless  of 
their  length. 

For  the  reasons  just  given,  the  experiments  were  made  chiefly  upon  a 
weir  without  end  contractions,  although  some  of  them  were  made  upon 
weirs  with  end  contractions.  It  will  be  seen,  also,  that  some  observations 
were  made  to  determine  the  best  methods  for  measuring  the  head  on  the 
weir,  and  to  investigate  other  points  relating  to  the  subject  of  velocity 
of  approach. 

The  apparatus  used  almost  exclusively  for  this  series  of  observations 
is  shown  on  Plate  II. 

The  water  used  during  the  experiments  was  drawn  from  Farm  Pond 
and  flowed  thence  into  the  gate-house,  and  in  the  portion  of  the  adjacent 
conduit  which  contained  the  measuring  weir. 

Fig.  1  is  a  longitudinal  section.  Fig.  2  a  plan  in  which  the  upper  part 
of  the  conduit  is  supposed  to  be  removed.  Fig.  3  is  an  up-stream 
elevation  of  the  weir,  showing  also  a  cross-section  of  the  conduit. 
A,  A  are  stop-planks  placed  in  one  of  the  grooves  of  the  stone  work  of 
the  gate-house  ;  B,  B  are  openings  in  the  stop-planks,  and  C,  C  are 
gates  which,  together  with  the  stop-planks,  controlled  the  entrance  of 
the  water  from  Farm  Pond.  The  gates  were  movable  horizontally  to  ad- 
mit the  desired  quantity  of  water,  and  could  be  firmly  clamped  in  any 
position,  thus  securing  a  constant  area  of  orifice. 

The  water  on  the  up-stream  side  of  the  stop-planks  communicated 
with  the  water  in  Farm  Pond  through  large  openings  in  three  masonry 
walls  (shown  at  ^,  2),  G,  Fig.  1,  Plate  III.).    Owing  to  the  depth  of  these 
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openings  below  the  water  surface  and  to  the  water  spaces  between  the 
walls,  large  waves  on  the  pond  caused  but  a  slight  rise  and  fall  of  the 
water  at  the  stop-planks.  The  openings  D,  G,  in  two  of  the  walls,  were 
fitted  with  iron  gates,  but  during  the  experiment  they  were  kept  wide 
open.  The  water,  after  passing  the  orifices  in  the  stop -planks,  fell  into 
two  wooden  boxes  [D,  D,  Plate  II.),  where  it  spread  in  all  directions,  and 
finally  found  egress  through  two  long,  narrow  openings  E,  E,  near  the 
stop-planks.  The  surface  of  the  water  below  the  boxes  showed  little 
agitation,  but  it  was  further  calmed  by  three  floating  planks  F,  F,  F. 
(x  is  a  screen  at  the  entrance  of  the  conduit.  It  was  made  of  boards,  (5 
inches  wide,  placed  4  inches  apart,  and,  after  a  few  experiments,  laths 
were  nailed  horizontally,  about  2  inches  apart,  on  the  down-stream  side 
for  the  purpose  of  increasing  the  loss  of  head  at  this  point. 

The  weir  S  was  placed  33  feet  from  tlje  entrance  to  the  conduit ;  its 
chatinel  of  approach  was  25  feet  in  length  and  5  feet  in  width  ;  the 
sides  of  the  channel  formed  the  end  of  the  weir  and  thus  prevented  end 
contractions,  they  also  extended  a  short  distance  on  the  dowu-stream 
side  of  the  weir  a'l  represented  at  T,  to  prevent  the  lateral  expansion  of 
the  sheet  after  passing  the  weir. 

The  bottom  of  the  channel  of  approach  was  a  movable  platform  made 
in  three  sections,  L,  K  and  7,  These  sections  were  connected  by  hinges 
and  their  lengths  were  respectively  10,  8  and  5  feet.  The  two  sections 
nearest  the  weir,  L  and  K,  could  be  maintained  horizontally  at  five  differ- 
ent depths,  varying  from  0.50  to  3.56  feet  below  the  crest  of  the  weir. 
The  section  farthest  from  the  weir,  /,  was  level  with  the  other  sections 
when  the  platform  was  at  its  lowest  position,  as  shown  by  the  full  lines 
in  Fig.  1,  but  when  sections  L  and  K  were  maintained  at  any  higher 
level,  section  1  was  inclined.  The  dotted  lines  show  the  position  of  the 
platform  when  at  a  higher  level. 

The  method  of  raising  and  lowering  the  platform  may  be  understood 
from  the  following  description  and  an  examination  of  Fig.  1.  Let  us 
first  suppose  that  it  is  to  be  raised  from  the  lowest  position,  as  repre- 
sented by  the  full  lines,  to  the  position  shown  by  the  dotted  lines.  Stops 
were  first  jjlaced  on  the  sides  of  the  channel,  as  shown  by  the  dotted 
lines  at  K,  N,  N,  to  prevent  the  platform  from  raising  above  the  desired 
height.  By  means  of  the  levers  H,  H,  the  platform  was  then  drawn  from 
its  fastenings  in  the  notches  P,  P,  P. 

The  flap  /was  next  raised  to  admit  the  water  under  the  platform, 
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when,  on  account  of  its  buoyancy,  the  latter  rose  until  prevented  by  the 
stops.  The  levers  were  again  used  to  force  the  platform  towards  the 
weir,  and  to  secure  it  in  the  notches  at  the  desired  height.  During  the 
experiments  the  flap  was  fastened  down  and  the  stops  were  removed. 

To  lower  the  platform  without  stopping  the  flow  of  water,  it  was  ne- 
cessary to  draw  it  from  its  fastenings  by  means  of  the  levers,  to  open  the 
gate'at  the  weir,  and  to  keep  the  flap  closed.  By  these  means  the  water 
was  drawn  from  the  space  beneath  the  platform,  causing  it  to  lower. 
When  section  K  had  reached  the  bottom,  stops  of  the  proper  length  were 
put  on  to  keep  it  in  that  iDOsition,  and  the  end  of  section  L,  which  struck 
against  the  open  gate  at  the  weir,  was  forced  down  after  the  gate  was 
closed.  By  again  using  the  levers  the  platform  was  forced  towards  the 
weir,  and  thus  secured  in  its  original  position.  M  is  a  screen  made  in 
three  parts  to  allow  j)ortions  of  it  to  be  removed  as  the  platform  was 
raised.  The  openings  in  this  screen  occupied  f  of  its  whole  area,  the 
slats  were  0.026  ft.  thick.  Between  the  screen  and  the  weir  the  channel 
was  uniform  in  section,  and  without  any  obstruction  to  the  flow,  except 
that  caused  by  the  hinges  on  the  j)latform  and  by  a  few  pieces  nailed  on 
the  sides  to  prevent  the  platform  from  rising  above  the  highest  notch. 

The  sides  and  bottom  of  the  channel  were  made  of  planed  boards, 
tongued  and  grooved.  Portions  of  the  side,  near  and  at  the  ends  of  the 
weir,  were  carefully  made  both  for  the  purpose  of  having  true  planes  to 
limit  the  length  of  the  weir,  and  of  having  smooth  boards  to  diminish 
the  friction  at  this  point  where  the  velocity  of  the  water  is  greatest. 

Leakage  into  the  channel  from  the  bottom  and  sides,  except  at  pomts 
distant  from  the  weir,  was  prevented  as  far  as  practicable.  The  boarding 
itself  was  practically  water-tight.  The  movable  bottom  was  about  ^^  of 
an  inch  narrower  than  the  channel. 

Water  was  prevented  from  entering  the  opening  in  the  side  of  the 
channel  at  Q  (Fig.  1),  by  a  second  row  of  boarding  shown  at  R  (Fig.  2). 

As  a  further  precaution  against  leakage,  the  water  in  the  spaces  behind 
the  sides  and  under  the  bottom  of  the  channel  did  not  have  communica- 
tion with  the  water  above  the  screens,  but  communicated  freely  with  the 
water  below  the  screens  through  the  openings  0,  0.  This  arrangement 
prevented  any  considerable  pressure  on  the  partitions.  The  weir  was  of 
hard  pine,  the  edge  presented  to  the  current  being  sharp  ;  the  down- 
stream side  was  chamfered  so  that  the  water  in  no  case  touched  any  part 
of  the  weir  after  passing  the  up-stream  edge.     The  depth  on  the  weir  was 


i 


» 


9 

• 

measured,  in  two  different  manners.  Two  hook  gauges  of  the  same  pat- 
terns were  placed  on  opposite  sides  of  a  post  in  the  centre  of  the  conduit 
G  feet  below  the  weir,  as  represented  at  U. 

For  convenience  of  reference  the  gauges  have  been  designated  as 
"No.  l"and  ''No.  2." 

The  hook  gauge  pails  communicated  with  the  basin  above  the  weir 
by  rubber  pipes. 

The  rubber  pipe  leading  to  the  pail  at  gauge  **  No.  1  "  was  connected 
at  the  other  end  with  a  gas  pipe  V,  of  one  inch  inside  diameter,  placed 
horizontally  and  transversely  at  the  bottom  of  the  channel.  The  gas 
pipe  was  stopped  at  both  ends  and  perforated  at  the  top  with  eight  i-incli 
holes,  0.63  feet  apart.  The  pipe  rested  upon  the  movable  platform,  and 
the  holes  were  0. 11  feet  from  the  face  of  the  weir,  and  at  an  equal  dis- 
tance above  the  platform. 

The  rubber  pijoe  leading  to  the  pail  at  gauge  "No.  2,"  was  connected 

« 

at  the  other  end  Avith  an  opening  in  a  piece  of  plate  glass,  represented 
at  W.  The  glass  was  set  flush  with  the  side  of  the  channel,  and  as  far 
as  could  be  determined  was  perfectly  straight  and  smooth.  The  orifice 
in  the  glass  was  0.04  feet  in  diameter,  and  was  originally  6  feet  from  and 
0.414  feet  below  the  level  of  the  crest  of  the  weir  ;  it  Avas  afterwards 
moved  0.02  feet  higher. 

The  hook  gauges  were  of  a  well-known  pattern.  A  similar  one  was 
used  by  Gen.  T.  G.  Ellis,  at  Holyoke,  and  is  illustrated  in  the  Transac- 
tions of  the  Society  for  February,  1876.  Another  illustration  of  the 
same  gauge  is  given  in  Mr.  J.  T.  Fanning's  "Water  Supply  Engineer- 
ing," page  297. 

For  the  purpose  of  studying  the  effect  of  velocity  of  approach  over  a 
weir,  with  end  contractions,  pieces  were  provided  to  shorten  the  weir  and 
to  cause  either  one  or  two  end  contractions. 

The  experiments  were  made  in  series.  The  routine  of  each  was  as 
follows  : 

The  gates  C,  G,  admitting  the  water,  were  opened  to  the  desired  width 
and  clamped.  The  almost  constant  head  upon  these  gates,  together  with 
the  constant  area  of  their  openings,  caused  a  very  nearly  constant  volume 
to  flow  over  the  weir.  The  measurements  were  first  taken  when  the 
depth  of  water  in  the  channel  was  greatest,  and  afterwards  for  each  of 
the  lesser  depths  at  which  the  bottom  of  the  channel  could  be  main- 
tained.    At  the  end  of  a  series,  the  first  measurement  was  repeated  to 
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detect  any  change  which  might  have  occurred  in  the  vohime  of  water 
flowing.  Each  recorded  depth  on  the  weir  was  a  mean  of  several  (gen- 
erally eight  or  ten)  measurements. 

In  some  of  the  experiments  first  made,  owing  to  defects  in  the  appa- 
ratus, the  movable  bottom  could  not  be  put  back  to  its  lowest  position 

to  allow  the  first  measurement  to  be  repeated. 

« 

The  effect  of  the  velocity  of  approach  upon  the  discharge  over  a  weir 
has  been  formulated  in  various  ways. 

The  most  usual  way,  and  apparently  the  most  rational  (since  the  ve- 
locity of  approach  affects  directly  the  depth  on  the  weir),  consists  in  cor- 
recting the  observed  depth  on  the  weir  before  using  the  formula  of 
discharge. 

As  we  know  that  the  effect  of  velocity  of  approach  on  the  depth  over 
the  weir  varies  approximately  with  the  head  due  to  that  velocity,  it  has 
been  endeavored  to  find  by  what  co-eflficient  that  head  is  to  be  multiplied, 
under  different  conditions,  to  give  correct  results. 

Therefore,  the  formula  used  to  express  the  correction  to  be  made  for 
the  effect  of  the  velocity  of  approach  is  of  the  following  form  : 

C  =  ch,  in  which — 
C  is  the  quantity  to  be  added  to  the  observed  depth  on  the  weir. 

c  is  the  co-efficient  modifying  the  value  of  h.  h  is  the  head  due  to  the 
velocity  of  approach,  found  in  each  case  by  the  well-known  formula 

h  =  — ,    in   which  v  is  the   mean   velocity  of  approach,    obtained   by 
^^ 

dividing  the  volume  of  discharge  by  the  area  of  the  water  section  of  the 
channel. 

The  experiments  referring  to  this  subject  Avere  made,  as  has  been 
said  before,  with  various  conditions  of  the  weir,  each  of  which  will  be 
considered  separately.     They  are  as  follows  : 

1st.  Weir  without  end  contractions,  the  head  being  taken  6  feet 
above  the  weir  (gauge  No.  2) . 

2d.  Weir  with  end  contraction  (same  gauge). 

3d.  Weir  without  end  contractions,  the  head  baiag  taken  near  the 
weir  at  the  bottom  of  the  channel  (gauge  No.  1). 

4tli.  Weir  with  end  contractions  (same  gauge). 
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1st. — Weir  without  End  Contractions.     Head  taken  6  feet  above 

Weir  (Gauge  No.  2). 

The  co-efficient  found,  though  not  far  from  constant,  varied  somewhat 
with  the  depth  of  the  channel  and  the  depth  on  the  weir  ;  but  we  failed 
to  discover  any  variation  in  the  co-efficient  due  to  a  change  in  the  mean 
velocity  of  approach. 

Table  I.  gives  the  values  of  the  co-efficients  found  for  different 
depths  of  channel  and  for  different  depths  of  water  on  the  weir,  and 
embodies  the  results  of  all  the  experiments.  The  total  effect  of  the  ve- 
locity of  approach,  as  calculated  by  the  formula,  is  also  shown  by  the 
small  figures  in  the  table. 

From  an  examination  of  these  figures,  it  will  readily  be  seen  that  in 
some  cases  the  total  effect  of  the  velocity  of  approach  is  so  small  that  it 
can  scarcely  be  measured,  while  in  others  it  is  quite  a  large  quantity. 
As  a  consequence  the  co-efficients  based  upon  the  measurements  may  be, 
in  the  former  cases,  quite  indefinite  ;  in  the  latter  they  will  scarcely  vary 
a  unit  in  the  last  figure. 

It  may  also  be  seen  that  the  co-efficient  1 .5  would  be  sufficiently  ac- 
curate for  a  majority  of  cases  in  practice  ;  the  general  formula  would 
then  become  for  this  form  of  weir 

0=1.5  h. 

To  illustrate  more  fully  the  results  obtained,  Table  II.  has  been  pre- 
pared to  show  the  detail  of  the  experiments,  and  a  comparison  of  each 
with  the  formula  adopted. 

Columns  1  to  4  are  sufficiently  explained  by  their  headings. 

Column  5  shows  the  supposed  depth  on  the  weir  as  it  would  be,  if 
there  were  no  velocity  of  approach. 
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TABLE  I. 


Table,  showing  the  value  of  c  in  the  formula  C  =  ch,  corresponding  to 
various  depths  on  the  weir,  and  to  various  depths  of  the  channel  of 
approach.  Weir  without  end  contractions.  Heads  measured  bj 
gauge  No.  2,  six  feet  from  weir. 
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Depths  of 

Channel  ok  Approach  asELOW  Crest  of  Weir. 

Depths  on  Weir 

Ji 

3 

+ 

0 

as  measured. 

«.60 

1.70 

1.00 

0.50 

1— < 

0.0003 

0.0007 

0.0019 

0.0054 

0.20 

(V 

(=1 

1.51 

1.66 

1.87 

1.70 

fl 

0.0009 

0.0020 

0.0054 

0.0130 

0.30 

^ 

1  50 

1.65 

1  83 

1.53 

:i 

0.0019 

0.0043 

0.0111 

0.0258 

0.40 

o 

1.49 

1.63 

1  79 

1.53 

CO 

0.0034 

0.0076 

0.0193 

0.0425 

0 .  50 

a 

1  48 

1.62 

1 .  75 

1.53 

a:' 

0.0056 

0.0121 

0.0291 

0.0635 

0.60 

'TJ 

1.47 

1.60 

1.71 

1.52 

.    0.0083 

0.0180 

0.0412 

0.0889 

0  70 

"S 

1.46 

1.59 

1.68 

1.51 

0.0117 

0.0243 

0.0550 

0.1188 

0.80 

1.45 

0.0156 

1.57 

0.0323 

1  65 

1.50 

'0.0714 

0.153 

O.HO 

(V 
II. 

1.44 

1.56 

1.63 

0.090 

1.49 

""0V0202 

'o.'bli'i 

0.192 

1.00 

^ 

1  43 

1.54 

1.61 

1.48 

© 

0.0254 

0.0513 

0.111 

1  10 

>^. 

1.42 

1.53 

1  59 

s 

0.0314 

0.0623 

0.132 

1.20 

1  41 

1  51 

1.57 

PI 
g 

0.0380 

0.074 

0.156 

1.30 

1.40 

1.49 

1.55 

'c 

o 

0.0453 

0.087 

0.183 

1.40 

1.39 

1.48 

1.54 

•X 

0.053 

0.101 

0.209 

1.50 

^ 

1  38 

1.46 

1.52 

el 

0.061 

0.115 

.     0.240 

1.60 

X 

1.37 

1.44 

1.51 

0.070 

0.131 

0.269 

1.70 

1.36 

1.43 

1.49 

o 

0.080 

0.146 

1.35 

1.41 

6 

0.090 

0.164 

1.90 

1.34 

1.40 

0.100 

0.180 

2.00 

1.33 

1.38 

Note.  —  The  co-efficients  above  the  dotted  lines  are  within  the  limits 
of  the  experiments. 
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As,  however,  the  velocity  of  approach  could  not  be  entirely  elimi- 
nated in  any  case,  that  result  was  obtained  by  correcting  the  observed 
depth  on  the  weir  in  the  experiments  in  which  the  velocity  of  approach 
was  least.  This  correction,  which  was  approximate  at  the  first,  was 
afterwards  made  with  more  accuracy  from  the  results  of  the  other  ex- 
periments, which  furnished  the  basis  for  successive  approximations.     • 

Column  6  was  obtained  by  dividing  the  discharge  over  the  weir  by 
the  section  of  the  channel  of  approach. 

Column  8  shows  the  effect  of  the  velocity  of  approach,  and,  for  each 
series,  is  obtained  by  subtracting  the  depths  in  column  4  from  the 
depths  in  column  5. 

The  first  line  in  each  series  is  left  blank,  as  nothing  could  be  shown 
but  the  quantity  previously  calculated  to  obtain  the  corrected  depth 
given  in  column  5. 

Column  10  is  explained  by  the  heading. 

The  last  experiment  in  several  series  (seven  experiments  in  94)  is 
marked  with  an  asterisk  ;  they  are  more  or  less  defective,  owing  to  the 
fact  that  when  the  platform  was  at  its  highest  point,  the  orifice  of  the 
pipe  of  gauge  No.  2  was  too  near  the  bottom  of  the  channel ;  owing  to 
this  and  to  other  defects  in  the  apparatus,  the  observed  depth  on  the 
weir  was  afi'ected  by  the  pressure  of  the  water  in  the  space  beneath  the 
platform. 

These  defects  were  remedied  on  March  15th,  but  the  same  trouble 
occurred  again  during  two  experiments  on  March  19th. 

Although  some  of  the  defective  experiments  were  but  slightly  errone- 
ous, it  was  thought  best,  in  determining  the  co-efficient  of  the  formula, 
to  exclude  them. 

The  maximum  difference  in  column  10,  disregarding  the  quantities 
marked  with  an  asterisk,  is  in  experiment  58,  -|-0.0021  ft. 

In  no  case  does  the  discrepancy  correspond  to  a  difference  in  volume 
exceeding  one-half  of  one  per  cent.  The  mean  difference,  disregarding 
signs,  is  0.0005,  corresponding  to  a  mean  difference  in  volume  of  about 
one-eighth  of  one  per  cent.  It  is  thought  that  smaller  differences  might 
have  been  obtained  had  it  not  been  for  the  prevalence  of  strong  winds  on 
the  pond  during  many  of  the  experiments,  causing  the  quantity  of  water, 
which  passed  the  weir,  to  vary  slightly  from  time  to  time. 

The  construction  of  the  apparatus  had  been  hastened  in  hopes  that 
the  ice,  then  covering  the  pond,  would  remain  during  the  experiments. 
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but  it  disappeared  the  day  the  apparatus  was  finished.  The  maximum 
limits  reached  by  the  experiments  may  be  seen  by  an  examination  of 
Series  XXI. 

The  maximum  depth  on  the  weir  was  about  0.95  feet.  The  various 
circumstances  of  Exp.  94,  representing  extreme  conditions,  is  given 
below  : 

Depth  of  channel  below  crest  of  weir 0.50      feet. 

Depth  on  weir,  corrected  for  velocity  of  approach 0.9550     *' 

Depth  on  weir,  as  observed 0.8266     ** 

Effect  of  velocity  of  approach  upon  depth  on  weir 0.1284     " 

Mean  velocity  of  approach 2.352       ** 

Ratio  of  depth  on  weir  to  depth  of  channel  below  crest  '-^j-—=1.65 

Co-eflScient  of  formula 1.50 

The  velocity  of  approach  reduced  the  depth  on  the  weir  from  0.9550 
to  0.8266  feet,  or  about  13|^  per  cent. 

If  the  volume  had  been  calculated  from  the  observed  depth  on  the 
weir,  without  correction  for  velocity  of  approach,  the  error  in  volume 
would  have  been  about  19 ^^  per  cent.  The  most  noticeable  feature  of  the 
experiment  is  that,  although  the  ratio  of  depth  on  weir  to  depth  of 
channel  is  so  much  larger  than  is  generally  considered  allowable,  yet  the 
co-eflScient  does  not  show  any  marked  variation  on  this  account.  This 
would  seem  to  warrant  the  inference  that  the  extension  of  Table  I.  beyond 
the  limits  of  the  experiments  was  not  grossly  in  error,  though  it  may  be 
somewhat  inaccurate. 

2d. — Weir  with  End  Oontraotion.  Heads  taken  6  feet  from  the  Weir 

(Gauge  No.  2). 

End  contraction  was  caused  by  placing  vertical  pieces  at  one  or  both 
ends  of  the  weir,  thus  diminishing  its  length.  As  the  weirs  with  end 
contraction  were  necessarily  shorter,  one  end  contraction  only  was  pro- 
duced in  many  of  the  experiments.  This  form  allowed  the  use  of  the 
longest  weir  practicable,  and  at  the  same  time  represented,  approxi- 
mately, the  conditions  existing  in  one-half  of  a  weir  of  twice  the  length, 
having  two  end  contractions. 

The  variations  in  the  velocity  of  approach  were  accomplished  by 
changing  the  height  of  the  movable  bottom  of  the  channel,  as  in  the  ex- 
periments previously  described. 
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They  are  too  few  to  determine  definitely  how  the  co-efficients  vary, 
but  they  show  plainly  that  the  effect  of  velocity  of  approach  is  much 
greater  when  end  contraction  exists,  than  when  it  does  not.  They  also 
give  indications  of  the  following  laws  : 

1st.  That  the  effect  of  velocity  of  approach  is  greater  with  two  end 
contractions  than  with  one. 

2d.  That  it  increases  as  the  proportion  of  the  width  of  the  channel 
occupied  by  the  weir  decreases. 

3d.  That  it  (and  consequently  the  co-efficient)  varies  with  the  depth 
of  the  channel,  and  with  the  depth  on  the  weir  in  the  same  way,  and  to 
nearly  the  same  extent,  as  when  there  is  no  end  contraction.  An  ex- 
ception to  this  rule  occurs  in  the  case  of  the  smallest  depth  of  channel ; 
the  co-efficients,  in  this  case,  increase  with  the  depth  on  the  weir  when 
end  contraction  exists,  and  decrease  when  it  does  not. 

From  the  results  of  the  experiments  shown  on  Table  No.  III.  (pages 
22-23)  a  general  co-efficient  has  been  deduced  which  may  be  used  with 
weir  having  end  contractions. 

The  co-efficient  is  2.05,  and  the  formula  becomes  : — 

C  =  2.05h. 

A  rather  more  accurate  co-efficient  may  be  obtained  by  adding  0.55  to 
the  co-efficient  established  for  a  weir  without  end  contraction,  as  given 
in  Table  I. 

Much  more  extensive  observations  than  those  under  consideration 
would  be  required  to  determine  the  co-efficients  for  all  forms  of  weirs  and 
of  the  channels  leading  to  them  ;  and  much  is  left  to  the  judgment  of 
the  observer,  because  the  co-efficients  found  are  correct  onlj  for  an  ap- 
paratus similar  to  the  one  which  was  experimented  upon. 

When  a  long  weir  occupies  nearly  the  whole  width  of  the  channel 
leading  to  it,  the  conditions  are  but  little  different  from  the  case  of  a 
weir  without  end  contraction.  On  the  other  hand,  a  short  weir,  occupy- 
ing but  a  small  portion  of  the  width  of  the  channel,  would  need  a  larger 
co-efficient  than  any  given. 

The  experiments  are  given  in  Table  No.  III.  (pages  22-23).  The  first 
eight  columns  are  the  same  as  the  corresponding  columns  in  Table  No. 
II. ,  and  the  others  are  sufficiently  explained  by  the  headings. 
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3d. — Weir  without  End  Contkaction.    Heads  taken  at  the  Bottom  op 
THE  Channel  near  the  Weir. 

Under  this  title  it  is  proposed  to  show  the  difference  between  heads 
taken  at  the  surface,  6  feet  above  the  weir,  and  those  taken  at  the 
bottom  of  the  channel  near  the  weir. .  This  is  but  an  indirect  method  of 
correcting  for  the  effect  of  velocity  of  approach,  but  it  shows  clearly  the 
relation  existing  between  heads  taken  at  the  two  places,  and  it  allows 
the  results  to  be  presented  with  comparatively  little  labor. 

In  nearly  every  experiment  the  head  taken  near  the  weir  by  gauge 
No.  1,  exceeded  that  taken  by  gauge  No.  2. 

The  triangular  space  between  the  bottom  of  the  channel  and  the  face 
of  the  weir,  where  this  excess  of  head  exists,  we  have  termed  the  angle 
of  increased  pressure,  or,  more  briefly,  the  angle  of  pressure. 

With  each  depth  of  channel,  it  was  found  that  this  excess  of  head 
near  the  weir  was  very  nearly  a  constant  proportion  of  the  head  due  to 
the  mean  velocity  of  approach. 

The  formula  adopted  to  represent  this  case  is  jE'=  c^,  in  which, 
E  =  the  excess  of  the  head  taken  at  the  bottom  of  the  channel,  near  the 

weir,  over  the  head  taken  near  the  surface,  6  feet  from  the  weir. 
c  =  a,  co-efficient  which  is  constant  for  any  given  depth  of  channel. 
h  =  the  theoretical  head  due  to  the  mean  velocity  of  approach. 

The  co-efficients  for  the  depths  of  channel  experimented  upon  are  as 
follows  : 

When  the  depth  of  channel  below  crest  of  weir  is  3.56  feet  c  =  0.80 

ti         <<  «<       n         »i  <«  ti      ((      n  ((  2.60     *'     c  =  0.62 

((         ((  t(       <(         a  n  ((      «<      <(  **1  70     *  *     c  =^  0  54 

<(         ((  ((       ((         i(  <(         <<      ((      ((  ''1  00     "     c  =  0  50 

<<  a  i(  ,<.  (t  a  a         u         ii         a     Q.SO       *«       C    =    0.36 

The  formula,  when  applied  to  the  smallest  depth  of  channel,  is  only 
approximate. 

Table  TV.  (pages  25  to  28)  shows  the  result  of  each  of  the  experi- 
ments. 
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TABLE   IV. 

Comparison  of  Heads  on  the  Weir  taken  by  Gauge  No.  1  at  the  bottom  of  the 
channel  near  the  Weir,  and  by  Gauge  No.  2  near  the  surface  6  feet  above 
the  Weir.    Weir  without  end  contractions,  5  feet  long. 

Depth  of  Channel  of  Approach  below  Crest  of  Weir,  3.56  feet. 


1 

a 

3 

4 

5 

(> 

7 

Date  of  the 

Excess  of 

Excess  of 

Difference  of 

Number 

Depth  on 

Head  taken 

Head  in 

Experiment. 

Weir  taken 

Theoretical 

TT„„  A     All  rx 

by  Gauge 

angle  of  in- 

Observed 

of  the 

near  the 

Head  due 

No.  1  over 

creased  pres- 

Surface 

to  Mean 

Head  taken 

sure  near  the 

from 

Experi- 

6 feet  from 

Velocity  of 

by  Gauge 

Weir,  as 

March, 

the  Weir. 

Approach. 

No.  2, 

calculated 

Calculated 

ment. 

Gauge  No.  2. 

T 

as  observed. 

by  formula 

1878. 

h. 

>:==u.8  h. 

Excess. 

Feet. 

Feet. 

Feet. 

Feet. 

Feet. 

1 

21st. 

0.1509 

0.0001 

0.0002 

0.0001 

-f-  0.0001 

2 

<  1 

0.1509 

0.0001 

0.0003 

0.0001 

+  0.0002 

3 

16th. 

0.1926 

0.0001 

0.0004 

0.0001 

4-  0.0003 

4 

<( 

0.1935 

0.0001 

—0.0001 

0.0001 

0.0002 

5 

21st. 

0.2303 

0.0002 

0.0002 

0.0002 

0.0000 

6 

i  1 

0.2304 

0.0002 

0.0002 

0.0002 

0.0000 

7 

16th. 

0.2684 

0.0002 

0.0004 

0.0002 

-J-  0.0002 

8 

( ( 

0.2685 

0.0002 

0.0005 

0.0002 

-f-  0.0003 

9 

12th. 

0.3360 

0.0004 

0.0007 

0.0003 

-f  0.0004 

10 

(< 

0.3362 

0.0004 

0.0006 

0.0003 

f  0.0003 

11 

21st. 

0.3368 

0.0004 

0.0003 

0.0003 

0.0000 

12 

<  ( 

0.3369 

0.0004 

0.0005 

0.0003 

4-0.0002 

13 

16th. 

0.3566 

0.0005 

0.0005 

0.0004 

4-  0.0001 

14 

t  < 

0.3574 

0.0005 

0.0006 

0.0004 

+  0.0002 

15 

<  < 

0.4216 

0.0008 

0.0004 

0.0006 

-  0.0002 

16 

<  ( 

0.4222 

0.0008 

0.0006 

0.0006 

0.0000 

17 

21st. 

0.4244 

0.0008 

0.0009 

0.0006 

4-  0.0003 

18 

<i 

0.4245 

0.0008 

0.0009 

0.0006 

+  0.0003 

19 

15th. 

0.4260 

0.0009 

0.0006 

0.0007 

—  0.0001 

20 

t  ( 

0.4266 

0.0009 

0.0006 

0.0007 

—  0.0001 

21 

22d. 

0.4302 

0.0009 

0.0011 

0.0007 

4-  0.0004 

22 

<( 

0.4308 

0.0009 

0.0010 

0.0007 

4-  0.0003 

23 

16th. 

0.4926 

0.0013 

0.0011 

0.0010 

4-  0.0001 

24 

( ( 

0.4939 

0.0013 

0.0007 

0.0010 

—  0.0003 

25 

22d. 

0.5115 

0.0014 

0.0017 

0.0011 

-f  0.0006 

26 

(1 

0.5117 

:    0.0014 

0.0014 

0.0011 

+  0.0003 

27 

12th. 

0.5148 

0.0015 

0.0016 

0.0012 

-1-  0.0004 

28 

<  1 

0.5149 

1     0.0015 

0.0013 

0.0012 

+  0.0001 

29 

22d. 

0.5477 

0.0017 

0.0018 

0.0014 

4-  0.0004 

30 

20th. 

0.5615 

.     0.0018 

0.0017 

0.0014 

4-  0.0003 

31 

( ( 

0.5625 

0.0019 

0.0014 

0.0015 

—  0.0001 

32 

21st. 

0.6002 

0.0022 

0.0015 

0.0018 

—  0.0003 

33 

<  ( 

0.6010 

0.0022 

0.0019 

0.0018 

4-  0.0001 

34 

«♦ 

0.6011 

0.0022 

0.0026 

0.0018 

+  0.0008 

35 

19th. 

0.6143 

0.0024 

0.0022 

0.0019 

-}-  0.0003 

36 

12th. 

0.6735 

0.0030 

0.0024 

0.0024 

0.0000 

37 

<  < 

0.6748 

0.0030 

0.0028 

0.0024 

+  0.0004 

38 

22d. 

0.6897 

0.0032 

0.0025 

0.0026 

^    0.0001 

26 


TABLE    IV.— (Continued.) 


Depth  or  Channel  of  Approach  below  Crest  or  Weir,  3.56  feet. 


I 

3 

.i 

4 

."» 

6 

7 

Number 
of  the 

Experi- 
ment. 

Date  of  the 
Experiment. 

March, 

1878. 

Depth  on 
Weir  taken 

near  the 

Surface 
6  feet  from 

the  Weir. 
Gauge  No.  2. 

Theoretical 
Head  due 
to  Mean 

Velocity  of 
Approach. 

h. 

Excess  of 
Head  taken 

by  Gauge 

No.  1  over 
Head  taken 

by  Gauge 

No.  2. 

as  observed. 

Excels  of 
Head  in 
angle  of  in- 
creased pres- 
sure nearthe 
Weir,  as 
calculated 
by  formula 
^=0.8^1. 

Difference  of 
Observed 

from 

Calculated 

Excess. 

39 

22d. 

Feet. 
0.6924 

Feet. 
0.0032 

Feet. 
0.0026 

Feet. 
0.0026 

Feet. 
0.0000 

40 

<( 

0.6925 

0.0032 

0.0024 

0.0026 

—  0.0002 

41 

19tli. 

0.6962 

0.0033 

0.0021 

0.0026 

—  0.0005 

42 

( < 

0.6980 

0.0033 

0.0020 

0.0026 

—  0.0006 

43 

15th. 

0.7153 

0.0036 

0.0023 

0.0029 

—  0.0006 

44 

18tli. 

0.7747 

0.0044 

0.0028 

0.0035 

^  0.0007 

45 

" 

0.7759 

0.0044 

0.0027 

0.0035 

—  0.0008 

46 

13tb. 

0.7859 

0.0046 

0.0043 

0.0037 

-f-  0.0006 

47 

22d. 

0.8047 

0.0049 

0.0041 

0.0039 

+  0.0002 

48 

20th. 

0.8310 

0.0053 

0.0039 

0.0042 

—  0.0003 

49 

1 1 

0.8336 

0.0053 

0.0041 

0.0042 

-    0.0001 

50 

11th. 

0.8651 

0.0059 

0.0051 

0.0047 

+  0.0004 

51 

20th. 

0.8806 

0.0062 

0.0040 

0.0050 

—  0.0010 

52 

" 

0.8812 

0.0062 

0.0045 

0.0050 

—  0.0005 

53 

14th. 

0,9238 

0.0070 

0.0043 

0.0056 

—  0.0013 

54 

22d. 

0.9437 

0.0075 

0.0047 

0.0060 

—  0.0013 

55 

<  1 

0.9449 

0.0075 

0.0047 

0.0060 

—  0.0013 

Depth  of  Channel  of  Approach  below  C'rest  of  Weir,  2.60  feet. 

E=0.62  h. 


+  0.0002 

0.0000 

+  0,0001 

0.0000 

0.0000 

+  0.0001 

+  0.0005 

-h  0.0001 

-H  0.0006 

-f  0.0014 

_  0.0002 

—  0.0003 

—  0.0002 

—  0.0006 
-f  0.0007 

—  0.0004 

—  0.0002 


56 

16th. 

0.2685 

0.0004 

0.0004 

0.0002 

57 

12th. 

0.3359 

0.0008 

0.0005 

0.0005 

58 

16th. 

0.3564 

0.0009 

0.0007 

0.0006 

59 

<  < 

0.4206 

0.0015 

0.0009 

0.0009 

60 

15th. 

0.4253 

0.0015 

0.0009 

0.0009 

61 

16th. 

0.4925 

0.0022 

0.0015 

0.0014 

62 

12th. 

0.5132 

0.0025 

0.0021 

0.0016 

63 

20th. 

0.5598 

0.0032 

0.0021 

0.0020 

64 

19th. 

0.6119 

0.0040 

0.0031 

0.0025 

65 

12th. 

0.6703 

0.0051 

0.0046 

0.0032 

66 

19th. 

0.6919 

0.0056 

0.0033 

0.0035 

67 

15th. 

0.7117 

0.0059 

0.0034 

0.0037 

68 

18th. 

0.7716 

0.0073 

0.0043 

0.0045 

69 

20th. 

0.8284 

0.0088 

0.0049 

0.0055 

70 

nth. 

0.8595 

0.0097 

0.0067 

0.0060 

71 

20th. 

0.8758 

0.0101 

0.0059 

0.0063 

72 

14th. 

0.9180 

0.0114 

0.0069 

0.0071 

27 


TABLE    IN. -{Continued) 


Depth  of  Channel  of  Approach  below  Ckest  of  Weir,  1.70  feet. 


1 

^ 

3 

4 

5 

6 

7 

Date  of  the 

Excess  of 

Excess  of 

Difference  of 

Number 

Depth  on 

Head  taken 

Head  in 

Experiment. 

Weir  taken 

Theoretical 

by  Gauge 

angle  of  in- 

Observed 

of  the 

near  the 

Head  due 

No  1  over 

creased  pres- 

Surface 

to  Mean 

Head  taken 

sure  nearthe 

from 

Experi- 

6 feet  from 

Velocity  of 

by  Gauge 

Weir,  as 

March, 

the  Weir. 

Approach. 

No.  2. 

calculated 

Calculated 

ment. 

Gauge  No.  2 

as  observed. 

by  formula 

1878. 

h. 

£=0.54  h. 

Excess. 

Feet. 

Feet. 

Feet. 

Feet. 

Feet. 

73 

16th. 

0.1926 

0.0004 

0.0004 

0.0002 

+  0.0002 

74 

( < 

0.2676 

0.0009 

0.0005 

0.0005 

0.0000 

75 

12th. 

0.3341 

0.0016 

0.0012 

0.0009 

+  0.0003 

76 

16th. 

0.3551 

0.0019 

0.0008 

0.0010 

—  0.0002 

77 

( ( 

0.4183 

0.0030 

0.0012 

0.0016 

—  0.0004 

78 

15th. 

0.4232 

0.0030 

0.0015 

0.0016 

—  0.0001 

79 

16th. 

0.4887 

0.0044 

0.0021 

0.0024 

—  0.0003 

80 

12th. 

0.5088 

0.0050 

0.0031 

0.0027 

4  0.0004 

81 

20th. 

0.5551 

0.0062 

0.0031 

0.0033 

—  0.0002 

82 

19th. 

0.6057 

0.0077 

0.0043 

0.0042 

+  0.0001 

83 

12th. 

0.6627 

0.0097 

0.0055 

0.0052 

+  0.0003 

84 

19th. 

0.6836 

0.0106 

0.0051 

0.0057 

-  0.0006 

85 

15th. 

0.7018 

0.0113 

0.0060 

0.0061 

—  0.0001 

86 

18th. 

0.7606 

0.0137 

0.0070 

0.0074 

—  0.0004 

87 

13th. 

0.7695 

0.0142 

0.0085 

0.0077 

+  0.0008 

88 

20th. 

0.8150 

0.0163 

0.0083 

0.0088 

—  0.0005 

89 

11th. 

0.8467 

0.0178 

0.0103 

0.0096 

+  0.0007 

90 

20th. 

0.8595 

0.0187 

0.0098 

0.0101 

—  0.0003 

91 

14th. 

0.9009 

0.0209 

0.0116 

0.0113 

-f  0.0003 

92 

22d. 

0.9215 

0.0220 

0.0114 

0.0119 

—  0.0005 

93 

«< 

0.9223 

0.0221 

0.0124 

0.0119 

+  0.0005 

Depth  of  Channel  of  Approach  below  Crest  op  Weik,  1.00  feet. 

E=Q.5Q  h. 


\ 


94 

16th. 

0.1914 

0.0009 

0.0005 

0.0005 

0.0000 

95 

( ( 

0.2649 

0.0022 

0.0012 

0.0011 

+  0.0001 

96 

12th. 

0.3308 

0.0038 

0.0021 

0.0019 

f  0.0002 

97 

16th. 

0.3496 

0.0044 

0.0022 

0.0022 

0.0000 

98 

I  ( 

0.4105 

0.0067 

0.0032 

0.0034 

-  0.0002 

99 

15th. 

0.4155 

0.0068 

0.0035 

0.0034 

+  0.0001 

100 

16th. 

0.4784 

0.0097 

0.0046 

0.0049 

-    0.0003 

101 

12th. 

0.4965 

0.0108 

0.0051 

0.0054 

-^  0.0003 

102 

20th. 

0.5409 

0.0132 

0.0065 

0.0066 

-  0.0001 

103 

19th. 

0.5901 

0.0162 

0.0084 

0.0081 

-f  0.0003 

104 

12th. 

0.6443 

0.0201 

0.0108 

0.0101 

-f  0.0007 

105 

19th. 

0.6655 

0.0217 

0.0103 

0.0109 

—  0.0006 

106 

15th. 

0.6806 

0.0230 

0.0120 

0.0115 

4-  0.0005 

107 

18th. 

0.7378 

0.0275 

0.0145 

0.0138 

-f  0.0007 

108 

20th. 

0.7873 

0.0322 

0.0160 

0.0161 

—  0.0001 

109 

( 1 

0.8293 

0.0366 

0.0179 

0.0183 

—  0.0004 

110 

14th. 

0.8665 

0.0406 

0.0222 

0.0203 

+  0.0019 

111 

22d. 

0.8854 

0.0426 

0.0205 

0.0213 

~  0.0008 

28 


TABLE   ly .—{Continued.) 


Depth  of  Channel  of 

Approach 

BELOW  Crest  of  Weir,  0.50  feet. 

1 

a 

3 

4: 

o 

6 

Excess  of 

7 

8 

<s> 

Date  of 

Excess  of 

Head  in 

Excess 

5^ 

Depth  on 

Theoretical 

Head  taken 

angle  of 

Difference 

of 

V-t   o 

the  Experi- 

Weir taken 

Head 

by  Gauge 

increased 

of  observed 

Head  in 

°  a 

near  the 

due  to 

No.  1  over 

pressure 

excess  from 

dead  angle 

^'2 

ment. 

Surface 

Mean 

Head  taken 

near  the 

excess 

by 

6  feet  from 

Velocity  of 

by  Gauge 

Weir,  as 

obtained 

approxi- 

s ^ 

the  Weir. 

Approach. 

No.  2,  as 

scaled  from 

by 

mate 

s  f=^ 
^ 

March, 

Gauge 

observed. 

curve  sho'g 

diagram. 

formula 

1878. 

No.  2. 

h. 

mean  of 

£=0.36  A. 

Feet. 

experiments. 

Feet. 

Feet. 

Feet. 

Feet. 

Feet. 

112 

16th. 

0.1884 

0.0027 

0.0011 

0.0011 

0.0000 

0.0010 

113 

" 

0.2594 

0.0060 

0.0026 

0.0026 

0.0000 

0.0022 

114 

< ' 

0.3404 

0.0114 

0.0046 

0.0048 

-  0.0002 

0.0041 

115 

" 

0.3974 

0.0165 

0.0064 

0.0066 

—  0.0002 

0.0059 

116 

( ( 

0.4595 

0.0230 

0.0090 

0.0088 

+  0.0002 

0.0083 

117 

20th. 

,  0.5186 

0.0302 

0.0110 

0.0112 

-  0.0002 

0.0109 

118 

21st. 

0.5509 

0.0345 

0.0126 

0.0127 

—  0.0001 

0.0124 

119 

18th. 

0.6926 

0.0583 

0.0224 

0.0201 

4-  0.0023 

0.0210 

120 

20th. 

0.7402 

0.0667 

0.0233 

0.0231 

+  0.0002 

0.0240 

121 

( i 

0.7764 

0.0752 

0.0238 

0.0256 

—  0.0018 

0.0271 

122 

22d. 

0.8269 

0.0860 

0.0296 

0.0296 

0.0000 

0.0310 

*123 

12th. 

0.3188 

0.0100 

0.0045 

0.0041 

+  0.0004 

0.0036 

*124 

15th. 

0.3996 

0.0169 

0.0067 

0.0066 

-f  0.0001 

0.0061 

*125 

12th. 

0.4707 

0.0256 

0.0109 

0.0092 

4-  0.0017 

0.0092 

*126 

19th. 

0.5681 

0.0360 

0.0083 

0.0135 

-  0.0052 

0.0130 

*127 

12th. 

0.6182 

0.0435 

—  0.0036 

0.0160 

—  0.0196 

0.0157 

*128 

19th. 

0.6358 

0.0466 

0.0077 

0.0169 

—  0.0092 

0.0168 

*129 

15th. 

0.6412 

0.0499 

0.0172 

0.0172 

0.0000 

0.0180 

Columns  5  and  6  of  the  table  show  the  excess  of  head  taken  at  the 
bottom  of  the  channel  near  the  weir,  over  the  head  taken  near  the  sur- 
face 6  feet  from  the  weir  ;  the  first  shows  the  results  of  observations, 
the  second  the  results  of  calculations  by  using  the  formula  E  =  ck,  with 
the  co-efficients  given  on  page  24. f  The  differences  between  these  results 
are  given  in  feet  in  column  7,  and  an  examination  of  this  column  shows 
the  following  features  : 

In  the  first  55  experiments  which  were  made  with  the  bottom  of  the 
channel  3.56  feet  below  the  crest  of  the  weir,  the  differences  are  small, 
yet  it  may  be  observed  that  in  the  first  portion  of  the  experiments  they 
are  above,  while  in  the  latter  portion  they  are  below  the  observed  results. 
This  indicates  inaccuracy  in  the  formula,  or  some  slight  cause  aflfecting 
many  of  the  observations,  but  the  maximum  difference  within  the  limits 


*  Defective  experiments,  corresponding  to  those  marked  with  an  asterisk  in  Table  II. 
t  The  quantities  in  column  6  on  this  page  are  obtained  from  a  diagram. 
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of  the  experiments  being  only  0.0013  feet,  it  was  not  thought  necessary 
to  seek  a  formula  which  would  agree  more  closely.  When  the  depth  of 
channel  was  2.60  feet,  as  in  Exp.  56  to  72,  the  formula  agreed  with  the 
experiments  rather  more  closely.  In  Experiments  73  to  93,  and  94  to 
111,  in  which  the  depths  of  the  channel  were  respectively  1.70  and  1.00 
feet,  the  differences  between  the  calculated  and  observed  results  are 
small,  and  change  their  sign  frequently,  thus  showing  a  close  accordance 
between  the  formula  and  experiments,  which  is  the  more  marked  on 
account  of  the  increased  size  of  the  quantities  given  in  columns  5  and  6. 
It  is  somewhat  remarkable  in  this  case,  that  so  simple  a  formula  should 
give  so  accurate  results. 

When  the  depth  of  the  channel  was  but  0.50  feet,  no  accurate  formula 
was  determined  ;  the  experiments  Nos.  112  to  122  were  plotted,  and  a 
regular  curve  was  drawn  to  represent  them  as  nearly  as  possible.  This 
curve  has  been  used  in  the  place  of  a  formula,  to  obtain  the  values  given 
in  column  6.  Column  8  has  been  added  to  show  the  excess  of  head  near 
the  weir  as  calculated  by  the  approximate  formula  given  on  page  24.  A 
comparison  of  the  two  columns  (6  and  8)  does  not  exhibit  any  large  dif- 
ferences, showing  that  the  excess  of  head  near  the  weir  follows  nearly 
the  same  laws  as  when  the  depth  of  channel  is  much  greater. 

Experiments  123  to  129  were  defective,  and  correspond  to  the  experi- 
ments marked  with  an  an  asterisk  in  Table  II.  As  the  differences  given 
in  column  7  are  generally  small,  a  description  of  some  of  the  precautions 
taken  to  obtain  these  results  may  not  be  uninteresting.  Experiments  of 
this  kind  depend  chiefly  upon  the  measurement  of  the  relative  heights 
of  the  water  in  the  hook-gauge  pails.  The  comparative  heights  of  the 
gauges  were  measured  nearly  every  day,  by  taking  gauge  readings  when 
the  weir  basin  was  full,  but  when  little  or  no  water  was  running  over  the 
weir.  The  instability  of  the  two  hook-gauges  with  reference  to  each 
other  was  largely  prevented  by  fastening  them  to  the  same  post.  Per- 
sonal error  (which  some  experiments  showed  to  be  a  cause  of  inaccuracy 
in  gauge  readings)  was  eliminated  by  having  each  assistant  read  the 
same  gauge  during  the  comparison  of  the  level  of  the  gauges,  as  well  as 
during  the  experiments.  The  graduation  of  the  gauges  was  compared, 
and  found  to  vary  not  more  than  0.0001  feet. 
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4:TH. — Weir  with  End  Contraction.     Heads  taken  at  the  Bottom  op 
THE  Channel  near  the  Weir. 

In  this  case,  the  head  taken  near  the  weir  was  generally  greater  than 
when  taken  6  feet  up  stream,  though  in  a  few  experiments,  under  ex- 
treme conditions,  it  was  less.  The  formula  E  =  cJi,  which  was  found  so 
applicable  in  the  case  last  considered,  applies  in  this  case  only  when 
the  depth  of  channel  is  large  in  comparison  with  the  depth  on  the  weir. 

For  the  smaller  depths  of  channel,  the  co-efficient  varies  much  with 
the  depth  on  the  weir,  with  the  proportion  of  the  width  of  the  channel 
occupied  by  weir,  and  with  other  causes. 

When  the  depth  of  the  channel  below  the  crest  of  the  weir  is  3.56 
feet,  the  co-efficient,  within  the  limits  of  the  experiments,  is  unity,  and 
the  formula  becomes  JE  =  h. 

Table  V.  (pages  31-32)  shows  the  result  of  each  of  the  experiments 
made  with  a  depth  of  channel  of  3.56  feet.  The  table  is  divided  into 
four  parts,  corresponding  to  the  different  forms  of  weirs  experimented 
upon  ;  its  contents  are  sufficiently  explained  by  the  headings. 

An  examination  of  column  6  shows  that  with  all,  except  the  larger 
depths  on  the  weir,  the  difference  of  the  observed  excess  of  head  from 
the  theoretical  head  due  to  the  mean  velocity  of  approach  is  generally 
positive,  indicating  some  slight  cause  of  error,  or  a  co-efficient  which 
exceeds  unity.  With  the  larger  depths  the  differences  are  in  the  other 
direction,  and  are  comparatively  large,  indicating  that  in  these  cases  the 
co-efficient  should  be  reduced. 

Within  the  limits  of  the  experiments,  the  differences  are  not  very 
large,  and  the  formula  as  given  may  be  used,  but  it  would  not  be  safe 
to  extend  it  to  greater  depths  on  the  weir,  though  it  is  quite  probable 
that  it  would  apply  well  to  greater  depths  of  channel. 
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TABLE    V. 

Comparison  of  Heads  on  the  Weir,  taken  at  Gauge  No.  1,  at  the  bottom  of  the 
channel  near  the  Weir,  and  Gauge  No.  2,  near  the  surface  6  feet  above 
the  Weir.  Weir  with  end  contraction.  Bottom  of  channel  3.56  feet  be- 
low Crest  of  Weir.     Width  of  channel,  5  feet. 


One  End  Contraction — Weir  4  feet  LON(i. 


\ 


1 

3 
Date  of  the 

3 

4r 

5 

6 

Number 

Experiment. 

Depth  on  the 
Woir.  taken 

Excess  of  Head 

Theoretical 
Head  due   to 

Difference  of 
Observed. 

of  the 

near  the 

Surface    C  feet 

from   the 

of  Increased 
Pressure  near 

Mean 

Velocity 

of  Approach. 

Excess  from 

Theoretical 

Head  given  in 

Experiment. 

March, 

Weir. 
Gauge  No.  2. 

as  observed. 

Column  5. 

1878. 

h. 

Feet. 

Feet. 

Feet. 

Feet. 

1 

21st. 

0.1761 

0.0002 

0.0000 

H-0.0002 

2 

" 

0   1763 

0 . 0002 

0.0000 

+0  0002 

3 

(( 

0.2691 

0.0002 

0.0001 

+0.0001 

4 

( ( 

0  2693 

0  0003 

0.0001 

+0.0002 

5 

( 1 

0.3942 

0 . 0003 

0 . 0004 

-0.0001 

6 

( ( 

0.3944 

0.0003 

0.0004 

—0.0001 

7 

( ( 

0.4978 

0 . 0008 

0  0008 

0.0000 

8 

22d. 

0.5996 

0.0017 

0.0014 

+0.0003 

9 

I  ( 

0.5997 

0.0015 

0.0014 

+0.0001 

10 

21st. 

0.7055 

0 . 0023 

0.0021 

+0.0002 

11 

" 

0.7064 

0.0030 

0.0021 

+0.0009 

12 

22d. 

0.9432 

0.0036 

0.0046 

—0.0010 

13 

1  ( 

0.9448 

0.0033 

0.0046 

—0.0013 

14 

0  9460 

0  0029 

0 . 0046 

0.0017 

One  End  Contraction — Weik  3.31  feet  long. 


15 

21st. 

0  4498 

0.0004 

0.0004 

0.0000 

16 

( 1 

0.5678 

0.0008 

0.0008 

0.0000 

17 

22d. 

0.5764 

0.0009 

0.0008 

+0.0001 

18 

(< 

0  5766 

0.0012 

0.0008 

+0.0004 

19 

( 1 

0.6860 

0.0015 

0.0013 

+0.0002 

20 

21st. 

0.8062 

0.0024 

0.0020 

+0.0004 

21 

" 

0.8063 

0.0017 

0.0020 

—0 .  0003 

22 

22d. 

0.9297 

0.0022 

0.0029 

—0.0007 

23 

(< 

0.9317 

0.0026 

0.0029 

-0.0003 
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TABLE  N. —{Continued:) 


Two  End  Contbactions — Weik  3  feet  long. 


1 

Date  of  tbe 

3 

* 

5 

6 

' 

Depth  on  the 

Excess  of  Head 

in  Angle 

of  Increased 

Pressure    near 

■Wait- 

Theoretical 

Difference  of 

Number 

Experimeut. 

Weir,  taken 

Head  due  to 

Observed 

near  the 

Mean 

Excess  from 

of  the 

Surface    6  feet 
from  the 

Velocity 
of  Approach. 

Theoretical 
Head  given  in 

Experiment. 

Marcli, 

Weir. 
Gauge  No.  2. 

as  observed. 

•h. 

Column  5. 

1878. 

Feet. 

Feet. 

Feet. 

Feet. 

24 

21st. 

0.2155 

0.0001 

0.0000 

4-0  0001 

25 

(( 

0.3301 

0.0002 

0.0001 

-f  0.0001 

26 

(( 

0.4843 

0.0003 

0.0004 

—0.0001 

27 

22d. 

0.6215 

0.0010 

0.0008 

-f  0.0002 

28 

<  ( 

0.7398 

0.0015 

0.0013 

-f  0.0002 

29 

21st. 

0.8702 

0.0014 

0.0020 

—0.0006 

30 

(< 

0.8714 

0.0024 

0.0020 

+0.0004 

Two  End  Contractions — Weir  2.31  feet  long. 


31 

21st. 

0.5824 

0.0003 

0.0004 

-0.0001 

32 

22d. 

0.7478 

0.0011 

0.0008 

+0.0003 

33 

" 

0.8905 

0.0014 

0.0012 

+0.0002 

34 

(I 

0.9548 

0.0013 

0.0014 

—0.0001 

Table  VI.  (page  33)  shows  the  result  of  all  of  the  experiments, 
where  the  depth  of  the  channel  below  the  crest  of  the  weir  was  2. 60  feet, 
or  less.  CoUimn  6  of  this  table  shows  the  co-eflScient,  c,  in  the  formula, 
E=ch,  as  deduced  from  each  experiment. 

An  examination  of  this  column  shows  that  the  co-efficients  are  very 
variable,  ranging  from  +  0.87  in  Exp.  1,  to  —  0.13  in  Exp.  12. 

A  comparison  of  Experiments  4,  5  and  7  ;  or  Experiments  8,  10  and 
12,  shows  that,  other  things  being  equal,  an  increase  in  depth  on  the 
weir  causes  a  decrease  in  the  co- efficient. 

The  experiments  given  in  this  table  do  not  furnish  a  sufficient  basis 
for  the  determination  of  a  formula  to  represent  them  ;  and  their  chief 
value  is  in  the  warning  they  give,  that,  under  such  circumstances,  the 
head  should  not  be  taken  in  the  angle  near  the  weir. 
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TABLE  VI.  ^ 

Comparison  of  Heads  on  the  Weir  taken  at  Gauge  No.  1,  at  the  bottom  of  the 
channel  near  the  Weir,  and  at  Gauge  No.  2,  near  the  surface  6  feet  above 
the  Weir.     Weir  with  end  contraction.     Width  of  channel,  5  feet. 


Bottom  op  Channel  of  Approach  below  Ceest  of  Welr  2.60  feet. 


1 

No.  of 

the 
Experi- 
ment. 

Date  of  the 
Experiment. 

March.  1878. 

3 

Depth  ou  the 

Weir,  taken 

near  the 

surface  6 

feet  from 

the    Weir. 

Gauge  No.  2. 

4 

Theoretical 

head   due  to 

mean  velocity 

of  approach. 

h. 

5 

Excess  of 

head  in  angle 

of  increased 

pressure  near 

Weir,  as 

observed. 

6 

Value  of 
c  in  the 
formula 
E=ch. 

0.87 

7 

Number 
of  End 
Contrac- 
tions. 

1 

8 

Length 

of 
Weir. 

1 

21st. 

0.8036 

0.0033 

0.0029 

3.31 

Bottom  of  Channel  1 .  70  feet  BELt)W  Weie. 


2 
3 

21st. 

0.7969 

0.8612 

0  0062 
0.0058 

0.0033 
0  0031 

0.54 
0.53 

1 
2 

3.31 
3.00 

Bottom  of  Channel  1 .  00  foot  below  Weir. 


4 

22d. 

0.5647 

0.0058 

0.0017 

0.30 

1 

3.31 

5 

21st. 

0.7850 

0  0120 

0.0031 

0.26 

1 

3.31 

6 

( ( 

0.8490 

0.0112 

0.0042 

0  37 

2 

3.00 

7 

22d. 

0.9024 

0.0162 

0,0037 

0.23 

1 

3.31 

Bottom  of  Channel  0.50  foot  below  Weir. 


\ 


8 

22d. 

0.5574 

0.0126 

0.0001 

0,01 

1 

3.31 

9 

21st. 

0  6639 

0.0283 

0.0064 

0.23 

1 

4.00 

10 

1  i 

0.7677 

0.0239 

—  0.0022 

—0.09 

1 

3.31 

11 

( ( 

0.8310 

0.0217 

—  0.0009 

-0.04 

2 

3.00 

12 

22d. 

0.8775 

0.0309    . 

—  0.0041 

—0.13 

1 

3.31 
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Miscellaneous  Experiments  relating  to    "Velocity  of  Approach/' 

In  all  the  experiments  before  described  the  screens  were  quite  distant 
from  the  weir,  and  many  precautions  were  taken  to  render  the  velocity 
in  all  parts  of  the  channel  as  uniform  as  possible  ;  but  many  points 
came  up  during  the  observations,  or  when  studying  their  results,  which 
led  us  to  consider  whether  or  to  what  extent  the  conclusions  arrived  at 
would  be  applicable  to  other  cases  in  which  the  conditions  of  the  flow  of 
water  are  not  the  same  as  for  the  apparatus  experimented  upon. 

Therefore  some  additional  investigations  were  made  to  elucidate  the 
following  questions  : 

1st.  Whether  the  head  taken  through  the  orifice  at  the  side  of  the 
weir  (Gauge  No.  2)  represents  truly  the  height  of  the  surface  of  the 
water  over  the  orifice  ? 

2d.  How  uniform  were  the  velocities  in  different  parts  of  the  channel 
of  approach  during  the  experiments  ? 

3d,  Whether  the  effect  of  velocity  of  approach  would  be  modified  if 
the  screens  were  placed  nearer  the  weir  ? 

ith.  Whether  the  effect  of  velocity  of  approach  would  be  modified 
by  irregular  velocities  in  the  channel  ? 

5th.  Having  found  by  the  experiments  already  considered  that  the 
head  taken  at  the  bottom  of  the  channel  near  the  weir,  by  Gauge  No.  1, 
is  greater  than  that  taken  6  feet  from  the  weir,  by  Gauge  No.  2,  how 
far  does  the  angle,  in  which  this  excess  of  head  exists,  extend  ;  and  what 
would  be  the  result  if  the  head  was  measured  at  other  points  than  those 
used  ?  also,  how  far  up-stream  does  the  curvature  of  the  sheet,  passing 
the  weir,  extend  ? 

6th.  What  are  the  motions  of  the  water  on  the  up-stream  side  of  the 
weir'? 

7th.  How  is  the  curvature  of  the  sheet  passing  the  weir  modified  by 
the  velocity  of  approach  ? 

Ist,  Mr.  Mills,  from  his  numerous  and  accurate  experiments  upon 
piezometers,^  concludes  that,  with  currents  flowing  parallel  with  the 
side  of  a  straight  conduit  where  the  velocity  is  neither  increasing 
nor  diminishing,  with  orifices  having  edges  in  the  plane   of  the  side 


*  Experiments  upon  Piezometers  used  in  Hydraulic  Investigations,  by  Hiram  F.  Mills. 
C.  E.,  p.  52,  Proceedings  of  the  American  Academy  of  Arts  and  Sciences,  1878. 
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and  with  passages  normal  thereto,  the  piezometric  column  will  indi- 
cate the  true  height  of  the  surface  of  the  water  in  the  conduit  when 
in  motion  as  well  as  when  at  rest.  He  further  shows  the  necessity  of 
attending  carefully  to  the  conditions  given  above,  when  it  is  desired  to 
obtain  exact  results.  In  arranging  the  apparatus  for  the  experiments  on 
velocity  of  approach  these  conditions  were  carefully  attended  to  ;  but 
that  there  might  be  no  doubt  about  the  result  obtained,  the  height  of 
the  surface  of  the  water  was  measured  and  compared  with  the  head  taken 
through  the  orifice.  To  measure  the  height  of  the  water  a  gauge  was 
provided  similar  in  construction  to  a  hook-gauge,  except  that  the  lower 
end  of  the  movable  rod  terminated  in  a  sharp  point,  instead  of  being 
bent  into  a  hook.  When  taking  an  observation  the  point  was  lowered 
until  it  touched  the  surface  of  the  water.  The  measurement  was  taken 
about  0.4  feet  from  the  side  of  the  channel,  and  directly  opposite  the 
orifice.  The  levels  of  the  point  and  hook  gauges  were  compared  by 
taking  measurements  when  the  water  in  the  weir  basin  was  at  rest. 
Table  YII.  gives  the  results  of  the  experiments. 

TABLE  YII. 

Comparison  of  the  Head  taken  at  the  orifice  in  the  side  of  the  channel  by 
Gauge  No.  2,  with  the  height  of  the  surface  of  the  water  above  the  orifice, 
as  measured  with  the  point  gauge. 


EXPEBIMENT  1,  MaKCH  18,  1878. 


ExPEKiMBNT  2,  March  19,  1878. 


f  Channel 
est  of  Weir. 

e8 

a  . 

ical  He 
oMean 
ocity 
proach. 

on  Weir 
Orifice 
Channe 

ence  of 
in  Colu 
Quantit 
lumn  4 

o  u 

Theoret 

duet 

Vel 

of  Ap 

Head 
taken  ai 
Side  of 

Depth  0 
measure 
Surface 

6  feet  froi 

Difiei 

Quantity 

3  from 

in  Co 

1 

2 

3 

4 

rj 

Teet. 

Feet. 

Feet. 

Feet. 

Feet. 

3.56 

0.0044 

( 0.7750 
j 0.7762 

0.7750J 
0.7756 j 

—0.0003 

2.00 

0.0073 

0.7716 

0.7712 

—0.0004 

1.70 

0.0137 

0.7606 

0.7606 

0.0000 

1.00 

0.0275 

0.7378 

0.7381 

4  0.0003 

0.50 

0.0583 

0.6926 

0.6930 

-f 0.0004 

O   p 


*^  o 


Feet. 
0.0033 
0.0056 
O.OIOC 
0.0217 
0.0466 


§ «    t^ 

a 

■3  5r/S 

a  >. 

•sag? 

^2^-S 

0)  °  fl  0 
a  a  p  0 

^  a^-*^ 

Depth  on 

measured 

Surface  o 

6  feet  from 

Sere 
ityi 
mQ 
Coin 

Sgi.S 
■  st- 

o- 

8- 

9 

Feet. 

Feet. 

0.6974 j 
0.6958 j 

0.0000 

0.6918 

-0.0001 

■5:i  «  S 

0)  o  a 

_  '^  jd 

TO  r1 

a>  s^  <i^ 


Feet. 

0.6975 
0.6957 

0.6919 


0.6836     I     0.6844     :  1-O.OOO8 

0.6655     I     0.6659      -f  0.0004 

*0.6270     1     0.6283      +0.0013 


*  This  height  was  obtained  from  the  head  taken  by  Gauge  No.  1,  as  the  head  taken  at  the 
orifice  was  incorrect ;  this  being  one  of  the  defective  experiments  referred  to  on  page  13. 
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The  differences  shown  in  columns  5  and  9  may  be  due  either  to  in- 
accuracy in  the  measurement,  or  to  the  effect  of  the  velocity  of  the 
water.  If  to  the  latter  cause,  they  should  be  proportional  to  the  head 
due  to  the  velocity.  A  comparison  of  the  heads  in  columns  2  and  6, 
with  the  differences  in  columns  5  and  9,  does  not  show  any  marked  re- 
lation between  them. 

The  slight  oscillations  of  the  surface  of  the  water  in  the  channel  did 
not  allow  the  point-gauge  measurements  to  be  taken  with  the  same  degree 
of  accuracy  as  those  taken  with  the  hook-gauge. 

An  examination  of  the  experiments  led  to  the  conclusion  that  the 
differences  are  no  greater  than  may  be  attributed  to  error  in  measure- 
ment ;  but  even  if  they  were  caused  by  the  velocity  of  the  water  passing 
the  orifice,  the  effect  would  not  then  exceed  0, 02  h,  and,  consequently, 
would  not  modify,  to  a  greater  extent,  the  co-efficients  of  the  formulae 
which  have  been  given. 

2d .  The  velocities  in  different  parts  of  the  channel  of  approach  were 
measured  with  a  current  meter. 

The  first  experiment  was  made  before  the  screens  were  placed  across 
the  channel,  and  consisted  of  nine  measurements  in  the  cross-section  of 
the  channel,  23  feet  from  the  weir,  and  a  similar  number  10  feet  from  the 
weir.  The  velocities  are  given  in  Table  VIII.,  and  are  shown  in 
their  relative  positions.  They  were  taken  6  inches  below  the  surface,  6 
inches  above  the  bottom,  at  mid-depth,  9  inches  from  either  side,  and  in 
the  middle  of  the  channel. 

TABLE   VIII. 
Velocities  in  Channel  of  Approach. — March  9,   1878. 


23  Feet  from  Weir. 


10  Feet  from  Weir. 


0.377 

0.662 

0.464 

0.548 

0.562 

0.485 

0.690 

0.683 

0.598 

0.605 
0.562 

0.591 

0.598 

0.712 

0.690 

0.626 

0.555 

0.612 

Depth  of  channel  below  crest  of  weir,  3.56  feet. 

Depth  on  weir,  0.786  feet. 

Mean  velocity  of  approach  by  weir  measurement,  0.54  feet  per  second. 
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The  velocities  23  feet  from  the  weir  are  quite  irregular,  which  may  be 
due  in  part  to  contraction  at  the  entrance  of  the  channel.  The  velocities 
10  feet  from  the  weir  are  much  more  uniform. 

Other  measurements  were  taken  at  different  depths  in  the  middle  of 
the  channel,  and  at  short  intervals  along  its  axis. 

A  portion  of  them  are  given  in  Table  IX. 


TABLE  IX. 

Vklocities  in  Channel  of  Approach. — March  13th,  1878. 


Position  of  Current 
Meter. 


Velocity  21 
ft.  from 

Weir=3.3 

ft.  above 

the  Screens. 


Ft.  per  sec. 


Velocity  16 

ft.  from 
Weir=1.7 
ft.  below 

the  Screens. 


Ft.  per  sec. 


Velocity  8 

ft.  from  the 

Weir. 


Ft.  per  sec. 


Remarks. 


Experiment  No.  1. — Flow  evenly  screened. 


0.50  ft.  below  surface.. . !        0.662 

Mid-depth !        0.598 

U.  46  ft.  above  bottom...  0.584 


Depth  of  channel  below  crest 

of  weir,  3.56  ft. 
Depth  on  weir,  0.79  ft. 

Mean  velocity  of  approach,  by 
weir  measurement,  0.55  ft. 
per  second. 


Experiment  No.  2. — Screens  raised  0.44  feet  above  bottom. 


0.50  ft.  below  surface. . 

Mid-depth 

0.46  ft,  above  bottom.. 


Depth  of  channel  below  crest 

of  weir,  3.56  ft. 
Depth  on  weir,  0.78  ft. 

Mean  velocity  of  approach,  by 
weir  measurement,  0.54  ft. 
per  second. 


Experiment  No.  3. — Flow  evenly  screened. 


0.47  ft.  below  surface.. 

Mid-depth 

0 .  40  ft.  above  bottom. . . 


Depth  of  channel  below  crest 

of  weir,  1.70  ft. 
Depth  on  weir,  0.78  ft. 

Mean  velocity  of  approach,  by 
weir  measurement,  0.96  ft. 
per  second. 


Note. — No  measurements  were  taken  above  the  screens  in  Experiment 
3,  because  the  bottom  of  the  channel  was  inclined,  as  shown  by  the 
dotted  lines  at  I  (Pkte  II.,  Fig.  1). 


38 


The  results  in  column  4  show  that  the  large  effect  of  the  velocity  of 
approach,  as  found  in  the  main  experiments,  is  not  to  be  attributed  to 
an  excessive  velocity  in  the  channel,  directly  opposite  the  opening  of 
the  weir. 

An  examination  of  the  experiments  showed  some  other  features  of 
interest. 

It  is  known  that,  at  a  sufficient  distance  from  the  entrance  of  a  long 
uniform  channel,  the  velocities,  in  different  parts  of  any  cross-section, 
are  arranged  in  accordance  with  certain  laws,  the  bottom  velocities  being 
the  smallest.  A  comparison  of  columns  3  and  4  show,  that  eight  feet 
(the  distance  between  points  of  measurement)  is  not  a  sufficient  distance 
to  cause  even  a  partial  rearrangement,  such  as  might  be  looked  for. 

A  comparison  of  columns  2  and  3,  in  Experiment  1,  shows  that  above 
the  screens  the  velocity  near  the  surface  was  greatest,  while  below  the 
screens  the  greatest  velocity  was  near  the  bottom,  that  is,  the  effect  of 
screens  in  a  uniform  channel  is  to  increase  the  bottom  velocities. 

The  same  comparison  may  be  made  in  Experiment  2,  but  it  has  less 
value,  as  the  flow  was  not  evenly  screened. 

3d.  Effect  of  placing  the  screens  nearer  the  weir.  The  results  are 
given  in  the  following  table  : 

TABLE  X. 


1  , 

Distance 

from  the 

Weir  to  the 

Screens. 

Depth  on 
Weir,  as 
taken  G 
feet  from 
the  Weir. 

3 

Depth  on 

Weir,  as 

taken  near 

the  Weir. 

*                       5 

Dilfereuce  in  depth  on 
the  Weir  due  to 

changing  the  Screens 

from  their  first 

position. 

(> 

Kemakks 

Feet. 

Gauge  2. 
Feet. 

Gauge  1. 
Feet. 

Gauge  2. 
Feet. 

+0.0003 
—0.0003 

Gauge  1. 
Feet. 

-10.0005 
—0.0004 

17.7 

11.3 

7.3 

0.6924 
0.6927 
0.6921 

0.6949 
0.0954 
0.6945 

Depth  of  channel  below  crest 
of  weir,  3 .  56  ft.  Mean  ve- 
locity of  approach,  0.457  ft. 

Theoretical  head  due  to  mean 
velocity  of  approach,  0.0033 
ft. 

Effect  of  velocity  of  approach 
upon  depth  on  weir  at 
Gauge  2,  0.0048  ft. 

It  may  be  seen  from  the  table,  that  the  maximum  difference  in  depth 
over  the  weir,  due  to  changing  the  screens  from  their  first  position,  was 
0 .  0005  feet,  or  about   10  per   cent,  of  the   total   effect  of  velocity  of 
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approach.  The  difference  might  equally  well  be  attributed  to  a  slight 
variation  in  the  quantity  of  water  passing  the  weir. 

4th.  To  ascertain  the  effect  of  irregular  velocities  in  the  channel  of 
approach,  such  irregularities  were  produced  artificially  by  partially  or 
wholly  obstructing  portions  of  the  channel. 

The  results  of  the  experiments  are  given  in  the  following  table  : 

TABLE  XI. 


No.  of 

the 

Exp. 


3 

Depth  on 
the  Weir, 
as  taken  6 
feet  above 
the  Weir. 


Gauge  2. 
Feet. 


Depth  on 
the  weir,  as 
taken  near 

the  Weir. 


Gauge  1. 
Feet. 


Difference  between 
depths  on  the  Weir  due 
to  irregular  velocities. 


Gauge  2. 
Feet. 


Gauge  1. 
Feet. 


Remarks. 


Semes  No.  1. 

Depth  of  channel  below  crest  of  weir 3.56    feet. 

Mean  velocity  of  approach 0 .  617      ' ' 

Theoretical  head  due  to  mean  velocity 0.0059    " 

Effect  of  velocity  of  approach  at  Gauge  2. ....... .  0.0085    " 


1 

0.8651 

0.8702 

...... 

Flow  evenly  screened. 

2 

0.8652 

0.8704 

+0.0001 

^'-0.0002 

Screens  removed. 

3 

0.8647 

0.8723 

—0.0004 

4  0.0021 

Screens  removed  and  the  entrance 
of  the  channel  obstructed  by  a 
board  extending  1.90  ft.  upward 
from  the  bottom. 

4 

0.8652      • 

0.8743 

+0.C001 

+0.0041 

Same  as  last  case,  except  that  the 
board    extended    2    feet  down- 

ward from  the  surface. 

Series  No.  2. 

Depth  of  channel  below  ca-est  of  weir 1.7      feet . 

Mean  velocity  of  approach 1 .  191      " 

Theoretical  head  due  to  mean  velocity 0.0221    " 

Effect  of  velocity  of  approach  at  Gauge  2 0.0344    " 


6 

0.9223 

0.9347 

Flow  evenly  screened. 

6 

0.9280 

0.9422 

+0.0057 

+0.0075 

7.3  ft.  from  the  weir,  the  flow  was 
partially  obstructed  by  a  screen 
extending  1.35  feet  downward 
from  the  surface. 

7 

0.9147 

0.9257 

—0.0076 

—0.0090 

Same  as  last  case,  except  that  the 
screen  extended  1.39  ft.  upward 

. 

from  the  bottom. 

Upon  examining  the  differences  due  to  irregular  velocities,  it  is  very 
noticeable  that  they  affect  the  measurement  of  the  depth  on  the  weir,  as 
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taken  by  Gauge  No.  1,  to  a  much  larger  extent  than  when  taken  by  Gauge 
No.  2. 

The  maximum  difference  in  depth  at  Gauge  No.  2,  as  given  in  column 
4,  is  0.0076  feet,  equal  to  0.34  h,  or  about  22  per  cent,  of  the  total  effect 
of  velocity  of  approach. 

In  column  5  (Gauge  No.  1),  the  largest  proportional  difference  is  in 
Exp.  4,  0.0041  feet,  and  equals  0.70  7^,  or  about  48  per  cent,  of  the  total 
effect  of  velocity  of  approach. 

In  these  experiments  the  water  approaching  the  weir  was  very  turbu- 
lent, more  so  than  often  happens  in  practice.  From  these  experiments 
it  is  thought  that  the  observer  may  judge  within  what  limits  of  accuracy 
the  formulae  already  given  for  velocity  of  approach  are  applicable  to  cases 
where  the  flow  is  irregular. 

One  other  feature  of  the  experiments  deserves  notice.  In  Exp.  4  the 
excess  of  head  near  the  weir  (the  difference  between  columns  2  and  3)  is 
0.0091  feet,  while  the  theoretical  head  due  to  the  mean  velocity  of  ap- 
proach is  but  0.0059  feet.  The  formula  for  this  case,  when  the  flow  is 
regular,  is  ^  =  0.80  h  (see  p.  24).  To  represent  Exp.  4,  the  formula  be- 
comes E  =^  1.54  /^,  i.  e.,  the  co-efficient  is  greater  than  unity. 

5th.  Comparison  of  the  heads  taken  at  various  points  above  the 
weir,  with  the  head  at  the  orifice  in  the  side  of  the  channel,  6  feet  above 
the  weir. 

To  make  this  comparison,  one  end  of  the  flexible  pipe,  leading  to 
Gauge  No.  2,  was  passed  through  the  side  partition  into  the  channel  of 
approach,  and  connected  with  a  short  piece  of  gas  pipe,  to  which  handles 
were  attached,  so  that  its  open  end  could  be  held  in  any  desired 
position. 

Mr.  Mills'  experiments*  show,  that  when  a  pipe  having  a  square  end 
is  held  at  right  angles  to  a  current,  the  pressure  of  the  water  in  the  pipe 
is  diminished  by  a  portion  of  the  head  due  to  the  velocity  of  the  water 
passing  the  end  of  the  pipe. 

He  attributes  this  to  the  fact  that  the  particles  of  water,  which  would 
pass  where  the  pipe  is,  are  deviated  from  their  course,  and  a  part  of  them 
moving  lengthwise  of  the  pipe,  are  projected  in  a  curve  around  its  end, 
thus  causing  the  diminished  pressure.  The  action  just  described  was 
prevented  in  the  following  manner  : 

A  steel  plate  0.66  feet  long,  0.50  feet  wide,  and  0.003  feet  thick,  with 


*  Experiments  on  Piezometers,  page  51. 
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an  orifice  in  the  centre  0.037  feet  in  diameter,  was  fastened  to  the  end  of 
the  gas  pipe,  and  at  right  angles  with  it.  The  edges  of  the  plate  were 
beveled  on  the  back  side.  The  face  of  the  plate  was  straight  and  smooth, 
and  the  edges  of  the  orifice  sharp,  square  and  flush  with  the  plate. 

When  taking  measurements  the  plate  was  held  in  a  vertical  plane, 
and  in  the  line  of  the  current.  Simultaneous  measurements  were  taken 
with  both  gauges,  one  showing  the  head  at  the  orifice  in  the  movable 
plate,  and  the  other  the  head  at  the  pipe  near  the  weir.  * 

The  experiments  were  discontinued  while  yet  incomplete,  on  account 
of  the  time  required  to  adjust  the  plate  in  position,  and  because  the  plate 
could  not  be  set  accurately  in  the  line  of  the  current  when  at  the  lower 
depths.  The  experiments  are  shown  on  Plate  IV.  The  position  of  the 
pipe  near  the  weir  is  shown  at  B ;  the  position  of  the  orifice  in  the  side 
of  the  channel  at  A .  The  crosses  indicate  the  various  positions  of  the 
orifice  in  the  steel  plate. 

The  figures  show  the  heads  taken  at  the  various  points,  as  compared 
with  the  head  at  A.  The  broken  line  shows  approximately  the  limit  of 
the  angle  where  the  head  is  greater  than  at  A. 

It  may  be  noticed  that  the  greatest  excess  of  head  is  near  the  weir, 
about  1.5  feet  above  the  bottom  of  the  channel. 

A  series  of  experiments  was  made  to  determine  the  extent  of  tlie  angle 
of  pressure  by  measuring  with  a  current  meter  the  velocities  at  different 
distances  above  the  weir,  and  at  different  levels.  The  application  of 
these  experiments  to  the  subject  under  consideration  is  found  in  the  fact 
that  increase  of  velocity  being  the  result  of  loss  of  head,  and  decrease  in 
velocity  a  cause  of  increased  head  or  pressure,  the  point  above  the  weir 
where  the  bottom  velocities  begin  to  decrease  is  the  limit  of  the  angle 
where  the  excess  of  head  exists. 

At  the  surface,  the  point  where  the  velocities  begin  to  increase,  is  also 
the  up-stream  limit  of  the  curve  of  the  sheet  flowing  over  the  weir.  All 
of  the  measurements  were  made  in  the  middle  of  the  channel. 

Two  experiments  were  made,  in  which  the  depth  of  the  channel  be- 
low the  crest  was  3. 56  feet,  and  the  depth  on  the  weir  was  about  0. 79 
feet. 

The  centre  of  the  current  meter,  which  was  provided  with  a  wheel 


*  The  fixtures  of  Gauge  No.  2  being  used  in  connection  with  the  movable  plate,  the  com- 
parison was  made  with  Gauge  No.  1;  and  the  head  at  the  orifice,  6  ft.  above  the  weir,  was 
obtained  by  calculation  from  the  former. 
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0.4  feet  in  diameter,  was  held  0.46  feet  above  the  bottom  of  the  channel, 
0.50  feet  below  the  surface,  and  at  mid-depth. 

Commencing  at  the  head  of  the  channel,  the  velocities  near  the  bot- 
tom began  to  diminish  gradually  about  eight  feet  from  the  weir  ;  five 
feet  from  the  weir  they  had  decreased  about  ten  per  cent. ,  and  two  feet 
from  the  weir  about  thirty  per  cent. 

The  velocities  near  the  surface  began  to  increase  very  gradually  about 
seven  feet  from  the  weir  ;  at  five  feet  they  had  increased  about  five  per 
cent. ;  at  two  feet  from  the  weir  they  had  increased  about  seventy-five  per 
cent.,  and  were  increasing  very  rapidly. 

The  mid-depth  velocities  began  to  increase  about  four  feet  from  the 
weir,  and  at  two  feet  had  increased  about  seven  per  cent. 

The  third  experiment  was  made  when  the  depth  of  the  channel  below 
the  crest  of  the  weir  was  1.70  feet,  and  the  depth  on  the  weir  was  about 
0.78  feet. 

The  current  meter  was  held  0.40  feet  above  the  bottom  of  the  chan- 
nel, 0.47  feet  below  the  surface,  and  at  mid-depth.  The  velocities  near 
the  bottom  began  to  diminish  about  six  or  seven  feet  from  the  weir  ;  at 
three  feet  they  had  decreased  about  seven  per  cent. ,  and  two  feet  from 
the  weir  about  eleven  per  cent. 

The  velocities  near  the  surface  began  to  increase  about  five  feet  from 
the  weir  ;  at  three  feet  they  had  increased  about  five  per  cent. ;  two  feet 
from  the  weir  about  sixteen  per  cent. ,  and  were  increasing  very  rapidly. 
The  mid-depth  velocities  remained  constant  to  within  two  feet  of  the 
weir. 

6th.     Motions  of  the  water  on  the  up-stream  side  of  the  weir. 

A  small  weir  was  constructed,  and  one  side  of  the  channel  was  made 
of  glass,  so  that  the  motions  of  the  water  could  be  seen.  The  principal 
dimensions  were  :  Width  of  channel  and  length  of  weir,  each  one  foot ; 
depth  of  channel  below  crest  of  weir,  one  foot ;  length  of  channel  of  ap- 
proach, eight  feet.  A  false  bottom  was  provided  to  reduce  the  depth  of 
the  channel  below  the  crest  of  the  weir  to  0.50  feet.  By  mixing  partially 
water-logged  sawdust  with  the  water,  the  motions  could  be  seen  quite 
plainly,  and  the  following  observations  were  made  : 

a.  An  angle*  existed  between  the  face  of  the  weir  and  the  bottom  of 
the  channel,  where  the  water  had  no  continuous  motion  toward  the  weir. 

*  This  angle  should  not  be  confounded  with  the  angle  of  pressure  mentioned  on  page  24, 
the  latter  being  more  extensive. 


PLATE  IV. 


I 


DIAGBAM  SHOWING  A  COMPARISON  BETWEEN  HEADS  TAKEN  SIX  FEET  FEGM 
THE  WEIR  AND  AT  VARIOUS  OTHER  PLACES. 


TRANS.  AM.  SOC.    CIV.  ENGR'S 
VOL.XII.No.CCLIll. 
FTELEV  AND    STEARNS 
ON  FLOW  OF   WATER 


EXPLANATION. 

A  is  the  orifice  in  the  side  of  the  channel  6  feet  from  the  weir. 

B  is  the  perforated  pipe  at  the  bottom  of  the  channel  near  the  weir. 

The  small  figures  show  the  differences  between  heads  at  the  points  in- 
dicated, and  at  A ;  the  head  at  A  being  the  standard.  The  curve  shown 
with  a  broken  line  is  the  upper  limit  of  the  angle  where  the  head  is 
greater  than  at  A. 
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b.  Water  entered  the  angle  near  the  centre  of  the  channel,  reached  a 
point  near  the  weir,  turned  horizontally  toward  the  side  of  the  channel, 
then  passed  up-stream,  and  rising  at  the  same  time  with  a  spiral  motion 
it  finally  went  over  the  weir. 

c.  At  the  side  of  the  channel  the  angle  extended  up-stream  a 
distance  equal  to  the  height  of  the  weir  above  the  bottom  of  the 
channel.  This  rule  appeared  to  hold  good  when  the  depth  on  the  weir 
was  changed  from  0.05  to  0.50  feet,  and  with  the  bottom  of  the  channel 
either  0 .  50,  or  1 .  00  foot,  below  the  crest  of  the  weir. 

The  water  within  this  angle  was  much  agitated,  and  the  prevailing 
motions  hard  to  determine. 

At  a  weir  with  end  contraction,  there  is  an  angle  at  the  side  of 
the  channel  where  the  water  has  no  continuous  motion  toward  the  weir, 
thus  presenting  a  case  somewhat  similar  to  that  just  described. 

Some  observations  of  an  angle  of  this  kind  are  given  in  Table  XII. 


TABLE  XII. 


Depth  of  Bottom 
of  Channel 
below  Weir. 

Depth  on  Weir, 

taken  6  feet  from 

the  Weir. 

Distance  from 

the  side  of  the 

Channel  to  the 

end  of  the  Weir. 

Mean  Velocity 
of  Approach. 

Length  of  the 

Angle  along  the 

side  of  the 

Channel. 

3.56 
3.56 
1.00 
0.50 

0.9317 
0.5765 
0.5647 
0.5574 

1.69 
1.69 
1.69 
1.69 

0.433 
0.230 
0  608 
0.901 

1.7 
2.0 
1.6 
2  6 

In  this  case  the  length  of  the  angle  varies,  though  the  distance  from 
the  side  of  the  channel  to  the  end  of  the  weir  is  constant,  but  the  cause 
of  the  variation  is  not  apparent. 

7th.  Effect  of  velocity  of  approach  upon  the  form  of  the  surface  curve 
of  the  sheet  passing  the  weir. 

The  relative  positions  of  the  measurements  taken  to  determine  the 
changes  in  the  form  of  the  sheet,  are  shown  on  Plate  IV. 

The  observations  consisted  of  a  measurement  of  the  head  at  the  orifice 
A ;   of  vertical   measurements   from   the  line  c,  c,  where  shown  by  the 


44 


dotted  lines;  and  of  measurements  from  the  points  d,  d,  d,  normal  to  the 
surface  of  the  sheet. 

Any  one  series  of  observations  gave  the  form  of  the  surface  of  the  sheet; 
and  successive  observations  with  diflferent  velocities — the  volume  being 
constant — showed  the  effect  of  the  change  in  velocity.  The  additional 
apparatus  provided  for  taking  the   measurements  is  described  below. 

The  horizontal  line  c,  c,  was  the  top  of  a  steel  straight-edge, 
securely  fastened  to  a  plank,  1.5  feet  from  and  parallel  with  the  north 
side  of  the  channel.  A  spirit-level,  resting  on  a  ground-brass  base  and 
having  the  same  degree  of  accuracy  as  those  attached  to  leveling  instru- 
ments, was  used  to  determine  when  the  straight-edge  was  level.  The 
vertical  measurements  to  the  surface  of  the  water  were  taken  with  the 
point-gauge  mentioned  on  page  35.  This  gauge  was  attached  to  a  frame 
having  a  triangular  base,  at  each  corner  of  which  was  a  brass  plate,  upon 
which  the  apparatus  rested.  When  the  base  was  level  the  gauge  was 
vertical.  The  two  front  corners  rested  on  the  straight-edge  which  made 
the  gauge  vertical  in  one  direction,  and  the  back  corner  rested  upon  a 
wedge  by  which  it  could  be  raised  or  lowered,  until  a  spirit-level  showed 
it  to  be  vertical  in  the  other  direction.  The  points  d,  d,  d,  were  nails.  The 
measurements  from  them  were  taken  with  a  small  wooden  rod  having  a 
square  end,  and  may  be  in  error  as  much  as  0.01  feet.  The  positions  of 
these  nails  were  located  by  horizontal  and  vertical  distances  from  the 
edge  of  the  weir,  as  given  in  the  following  table  : 
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No.  of  Nail. 


No.  1 
"  2 
"    3 


Horizontal  Distance  from 
Edge  of  Weir  to  Nail. 


1.545  ft.  down-stream. 
2.01     " 
2.52     " 


I 


Vertical  Distance  from  Edge 
of  Weir  to  Nail. 


0.503  ft.  upward. 

0.01     " 

0.553  "  downward. 


While  measurements  were  being  taken  with  the  point-gauge,  the 
usual  measurements  were  being  taken  with  the  hook-gauges,  which  fur- 
nished the  data  for  making  corrections  for  the  minute  variations,  which 
occurred  from  time  to  time  in  the  depth  on  the  weir. 

The  measurements  with  the  point-gauge  were  single  observations — 
not  the  average  of  several,  as  in  the  other  cases — and  those   taken   near 
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the  weir,  where  the  surface  of  the  water  was  much  inclined,  were  liable 
to  additional  error  on  account  of  the  difficulty  in  measuring  exactly  the 
distance,  up-stream  or  down-stream,  from  the  weir  to  the  point  where 
the  measurement  was  taken. 

Owing  to  the  inaccuracies  due  to  causes  just  mentioned,  a  tabula- 
tion of  the  measurements  as  taken  did  not  show  the  general  result 
clearly  ;  therefore,  in  preparing  a  table  (Table  XIII.)  to  accom- 
pany this  paper,  each  measurement  has  been  given  a  value  which,  from 
a  study  of  all  the  measurements,  seemed  most  nearly  correct.  Where 
the  measurements  have  been  changed,  their  original  value  is  shown  in 
small  figures  to  indicate  to  what  extent  the  results  of  observation  have 
been  departed  from. 

An  examination  of  the  columns  of  differences  shows  that  velocity  of 
approach  has  less  effect  upon  the  depths  nearly  over  the  weir  than  far- 
ther up-stream,  or,  to  express  the  case  differently,  velocity  of  approach 
diminishes  the  inclination  of  the  water  surface  above  the  weir.  To  illus- 
trate, take  the  extreme  case  given  in  the  table  : 

In  Exp.  1,  the  fall  of  the  surface  from  six  feet  up-stream  to  0.38  feet 
down-stream  from  the  weir,  was  0-6143  —  0.3845  =  0.2298  feet. 

In  Exp.  5,  the  corresponding  figures  are  0.5635  —  0.3660  =  0.1975 
feet.  In  the  latter  experiment  the  fall  was  0.0323  feet  less  than  in  the 
former,  or  a  very  large  proportion  of  the  difference  between  the  theoret- 
ical heads  due  to  the  velocities  ;  this  difference  being  0.0363  —  0.0024  = 
0.0339  feet. 

The  measurements  from  the  nails  indicate  but  little  variation  of  the 
surface  of  the  sheet  at  the  points  considered. 

The  ratios  of  the  depths  measured  directly  over  the  edge  of  the  weir, 
to  the  depths  measured  above  the  origin  of  the  curve  of  the  surface,  are 
as  follows  : 
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Ratios. 

Mean  Velocity  of 
Approach, 

Experiment 

1 

0.852 

0.389 

(( 

2 

0.854 

0.506 

<( 

3 

0.856 

0.705 

(< 

4 

0.862 
0.882 

1.022 

(( 

5 

1.529 

»  46 

An  experiment  made  by  J.  B.  Francis,  with  a  small  velocity  of  ap- 
proach, gives  0. 853. 

Conclusions. 

From  the  experiments  before  described,  some  inferences  may  be 
drawn  in  regard  to  the  manner  in  which  a  weir  should  be  constructed, 
in  order  to  reduce  to  a  minimum  the  error  made  in  calculating  the  ve- 
locity of  approach. 

The  experiments  show  that,  at  a  certain  distance  from  the  weir,  the 
bottom  velocities  are  retarded,  and  the  angle  of  pressure,  which  is 
produced  by  this  retardation,  begins  at  the  same  point.  Since  the  mean 
velocity  in  any  cross-section  of  a  uniform  channel  is  always  the  same,  it 
follows  that  the  retardation  of  the  bottom  layers  must  be  compensated 
for  by  a  more  rapid  motion  in  the  rest  of  the  mass. 

This  acceleration  is  due,  at  least  in  part,  to  a  loss  of  head  at  the  sur- 
face. 

It  thus  appears  that  a  weir  affects  the  flow  in  its  channel  as  far  up- 
stream as  a  certain  point  at  which  both  the  angle  of  pressure  and  the 
surface  curve  of  the  sheet  begin.  The  experiments  did  not  show  that 
the  acceleration  at  the  surface  began  as  far  up-stream  as  the  retardation 
at  the  bottom,  but  it  is  probably  because  the  acceleration,  acting  upon 
a  larger  mass,  was  smaller  and  not  appreciable  so  near  its  origin  as  the 
retardation  at  the  bottom.  This  view  has  been  taken  by  Boileau,*  who 
says  :  "I  would  not  venture  to  affirm  that  the  point  where  the  ascending 
motion  of  the  liquid  particles  begins,  corresponds  vertically  to  the  origin 
of  the  surface  curve,  although  that  circumstance  seemed  to  me  to  have 
taken  place." 

The  cause  of  the  variation  of  the  distance  up-stream,  at  which  this 
double. change  oi  velocity  takes  place,  is  not  shown  definitely  by  the  ex- 
periments ;  but  it  is  deemed  reasonable  and  fairly  in  accordance  with 
them  to  assume  that  the  distance  varies  with  the  height  of  the  weir  above 
the  bottom  of  the  channel,  and  that  it  is  about  2^  times  this  height. 

It  is  essential  for  the  accurate  application  of  the  formula3  given,  that 
the  apparatus  be  so  constructed  as  not  to  prevent  the  flow  from  assum- 
ing its  normal  condition  for  the  distance  from  the  weir  given  above. 

Abnormal  conditions  of  flow  may  be  caused  by  placing  screens  too 
near  the  weir,  by  irregular  velocities,  by  the  lack  of  straightness  and 
uniformity  of  the  channel  section,  and  by  other  causes. 

*  Traite  de  la  mesure  des  Eaux  Courantes,  by_P.  Boileaii,    Paris,  1854,  p.  57. 
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The  experiments  furnish  also  some  data  with  regard  to  the  best  place 
for  taking  the  head  on  the  weir.  The  head,  if  measured  outside  of  the 
angle  of  pressure,  should  be  taken  far  enough  up-stream  from  the  weir 
to  represent  the  height  of  the  water  surface  above  the  beginning  of  the 
surface  curvature,  i.  e.,  at  a  distance  from  the  weir  equal  to  2^  times  its 
height  above  the  bottom  of  the  channel.  So  great  a  distance  from  the 
weir  may  not  be  necessary  with  deep  channels  ;  little  harm,  however, 
can  result  from  taking  the  head  too  far  from  the  weir  if  the  channel  is 
uniform  ;  the  amount  of  error  being  only  the  loss  of  head  due  to  friction. 

To  give  an  idea  of  the  amount  of  this  loss,  the  inclination  of  the 
water  surface,  in  two  of  the  experiments,  has  been  calculated  by  Darcy 
and  Bazin's  formula  for  flow  through  channels  lined  with  planed  boards, 
and  the  results  are  given  in  the  following  table  : 


Depth  of  Channel 
below  Crest  of  Weir. 

Depth  on  Weir. 

Feet. 
0.9443 
0.8854 

Mean  Velocity. 

Inclination  of  Water  Surface. 

Feet. 
3.56 
1.00 

Feet. 
0.693 
1.656 

0.001  in  67  feet. 
0.001   "     8     " 

If  it  became  necessary  to  take  the  head  somewhat  nearer  the  weir,  it 
would  be  well  to  place  the  orifice  at  mid-depth,  where  it  would  be  inter- 
mediate between  the  loss  of  head  at  the  surface  and  the  increase  of  head 
at  the  bottom,  and  where  the  measurements,  made  with  the  current 
meter  (see  pages  41  and  42),  showed  the  velocities  to  be  quite  uniform  to 
within  a  comparatively  short  distance  from  the  weir. 

When  the  head  is  measured  within  the  angle  of  pressure,  it  is  thought 
best  to  take  it  with  a  perforated  tube,  as  was  done  in  these  experiments. 

The  excess  of  head  within  the  angle  is  dependent  upon  the  velocity 
of  approach,  and  the  head  will  be  greatest  where  the  velocity  is  greatest, 
i.  e.,  generally  at  the  middle  of  the  channel.  Although  this  is  theoreti- 
cally true,  and  may  cause  a  sensible  difference  of  heads  in  some  cases,  it 
is  not  entirely  in  accordance  with  the  statement  made  by  Boileau*,  that 
the  liquid  column  (in  his  gauging  tube)  rose  to  the  same  mean  height  at 
all  points  of  the  width  of  the  channel,  except  when  the  tube  was  only  at 


*  Trait6  de  la  mesure  des  Eaux  Courantes,  p.  51. 
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a  few  millimeters  from  the  vertical  wall  of  the  channel,  where  the  liquid 
column  was  depressed. 

The  experiments  recorded  on  Plate  IV.  indicate  that  the  excess  of 
head  at  the  bottom  is  less  than  at  a  point  1.5  feet  above  it. 

Of  the  two  places  used  for  taking  the  heads,  that  outside  the  angle  of 
increased  pressure  furnished  the  most  reliable  results.  This  was  very 
noticeable  when  using  a  weir  with  end  contractions,  and  also  in  the  case 
of  a  weir  without  end  contractions,  when  the  velocities  in  the  channel  of 
approach  were  irregular. 

In  addition  to  the  data  already  given,  some  measurements  taken  by 
other  experimenters  and  by  ourselves,  with  other  apparatus,  show  a 
remarkable  variation  in  the  excess  of  head  within  the  angle,  caused, 
apparently,  in  several  instances,  by  the  proximity  of  the  screens  to  the 
weir. 

One  series  of  measurements  was  taken  at  the  weir  shown  on  Plate 
III.  and  described  on  pages  61  to  66.  In  this  the  height  of  the  weir 
above  the  bottom  of  the  channel  was  6.55  feet,  and  the  screens  were  7.45 
feet  from  the  weir. 

The  excess  of  head  within  the  angle,  as  compared  with  that  taken 
near  the  surface  6  feet  from  the  weir,  varied  from  2.36  to  2.64  7^,  h 
being  the  theoretical  head  due  to  the  mean  velocity  of  approach. 
Another  case  is  selected  from  a  series  of  measurements  in  which  the 
water,  after  passing  the  large  weir  (Plate  III.),  which  had  been  previously 
tested,  flowed  over  two  weirs  placed  at  the  same  level  in  adjoining  bays 
in  one  of  the  structures  on  the  line  of  the  conduit.  It  had  been  ascer- 
tained previously  that  the  amount  of  water  furnished  by  the  conduit 
itself,  through  leakage  or  other  causes,  between  the  two  points  of 
observation,  was  not  sufficient  to  cause  an  error  which  would  practically 
affect  the  result. 

The  total  length  of  the  two  weirs  was  13.56  feet.  End  contractions 
were  suppressed.  The  height  of  the  weirs  was  2. 76  feet.  The  distance 
from  the  weirs  to  the  screens  was  3.0  feet  only.  The  head  was  taken  by 
pipes  placed  on  the  bottom  of  the  channels  and  ending  at  their  respect- 
ive centres  near  the  weirs.  These  pipes  were  connected  together,  and  a 
single  pipe  led  from  the  junction  to  the  gauge.  The  head  above  the 
surface  curvature  could  not  be  measured,  but  the  value  which  it  would 
have  had,  if  the  screens  had  been  sufficiently  distant  from  the  weir,  can 
be  calculated  since  the  volume  passing  the  weir  is  known. 
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The  results  were  nearly  the  same  for  all  depths  on  the  weir;  they  are 
given  for  one  case: 

Observed  depth  on  the  weir,  as  taken  in  the  angle . .   1.50    ft. 

Volume  passing  the  weir  per  lineal  foot 5.854  cu.  ft.  per  sec. 

Depth  on  the  weir  above  the  surface  curvature, 

calculated  from  the  formula  for  discharge, 

§  =  3.31  Xi^''-f- 0.007  X  (see   p.  82);  after  V,    1.419    ft. 

correcting  for  velocity  of  approach  by  the 

formula  0=  1.39  h 

Mean  velocity  of  approach 1.40  ft.  per  sec. 

Theoretical  head  due  to  mean  velocity  [h) 0.0305.  ft. 

Excess  of  head  in  angle 2.66  ^. 

Mr.  Francis  has  recorded  two  series  of  experiments,  in  some  of  which 
heads  taken  within  the  angle  near  the  weir  are  compared  with  heads 
taken  at  the  bottom  of  the  channel  12  feet  from  the  weir. 

The  latter  heads  are  taken  at  points  where  the  excess  of  pressure,  if 
any  exists,  is  small,  and  consequently  the  comparison  shows  the  whole 
excess  of  head  close  to  the  weir,  or  a  quantity  a  little  smaller. 

The  first  series'*^  was  made  at  the  Lower  Locks,  in  November,  1852. 
During  the  experiments  of  November  7th  the  weir  was  without  end  con- 
tractions.    The  channel  was  about  20  feet  long,  and  unobstructed. 

The  bottom  of  the  channel  sloped  gradually  upwards  toward  the 
weir,  which  was  4. 60  feet  high.  The  velocity  of  approach  was  so  small 
that  minute  errors  in  measurement  would  cause  a  considerable  change 
in  the  co-efficients.  In  two  cases,  where  the  comparison  could  be  made, 
the  depths  on  the  weir  were  0.81  and  0.98  feet,  and  the  excess  of  head 
in  the  angle,  respectively,  0.62  and  0.46  Ji,  h  being  the  theoretical  head 
due  to  the  mean  velocity  6  feet  from  the  weir.  The  record  of  the  experi- 
ments of  November  3d  and  4th  did  not  furnish  sufficient  data  for 
comparison  in  this  case. 

The  second  seriesf  was  made  at  the  Tremont  weir  in  the  fall  of  1856. 
The  water  flowed  over  two  weirs  with  end  contractions.  The  total 
length  of  the  weirs  was  about  80  feet.  The  width  of  the  channel  was  88 
feet.  The  height  of  the  weir  was  6  feet,  and  the  screens  were  about  15 
feet  from  the  weir.       In  one  experiment  the  depth  on  the  weir  was  1.44 

♦Lowell  Hydraulic  Experiments,  3d  Ed.,  p.  142. 
t  Lowell  Hydraulic  Experiments,  Ud  Ed.,  p.  183. 
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feet,  the  theoretical  head  due  to  the  mean  velocity  of  approach  was 
0.0076  feet,  and  the  excess  of  head  near  the  weir  was  0.0124  feet,  equal 
to  1.63  h. 

Three  series  of  experiments  on  the  same  subject  are  recorded  by 
Boileau.  ^'  In  all  of  them  the  head  in  the  angle  of  increased  pressure 
was  taken  with  a  vertical  tube  standing  against  the  weir;  the  other 
measurement  was  made  to  the  surface  of  the  water  above  the  point 
where  the  gradual  depression  of  the  surface  commences.  In  the  first 
series  the  height  of  the  weir  was  1.076  feet,  the  depth  of  water  over  the 
weir  varied  from  0.419  to  0.759  feet,  and  the  excess  of  head  at  the  weir 
was  from  0. 1  ^  to  0. 64  h. 

In  the  second  series  the  height  of  the  weir  was  1.998  feet,  the  width 
was  0.98. foot,  the  depth  over  the  weir  varied  from  0.817  to  1.604  foot. 
The  first  two  experiments  showed  no  difference;  six  others  showed  an 
excess  of  head  near  the  weir  of  0.15  h  to  0.33  li. 

The  third  series  was  made  on  a  weir  0.676  foot  high  and  2.953  feet 
wide,  with  depths  over  the  weir  varying  from  0.144  to  0.954  foot.  The 
first  four  experiments  showed  a  very  large  excess,  and  may  be  unreliable, 
owing  to  the  small  quantities  involved;  the  remaining  six  showed  an 
excess  varying  from  0.47  h  to  0.60  h. 

Mention  is  made  of  some  experiments  with  a  weir  2.66  feet  high,  in 
which,  instead  of  an  excess  of  head  within  the  angle,  a  difference  was 
found  in  the  other  direction. 

The  experiments  cited  show  that  in  some  instances  the'excess  of  head 
within  the  angle  of  increased  pressure  is  several  times  larger  than  the 
theoretical  head  due  to  the  velocity  of  approach;  this  result  is,  appar- 
ently, caused,  in  some  cases,  by  the  proximity  of  screens  to  the  weir,  or 
by  irregular  velocities;  but  why  it  is  so  we  are  unable  to  explain. 

How  near  the  weir  screens  may  be  placed  without  affecting  the 
accuracy  of  measurement  is  not  definitely  known.  It  seems  evident 
that  they  should  be  placed  above  the  point  where  the  flow  in  the  channel 
is  first  affected  by  the  weir,  i.  e.,  at  a  distance  above  the  weir  greater 
than  2  J  times  its  height. 

Two  or  three  feet  more  than  this  distance  would  probably  be  ample, 
since  the  experiments  on  page  37  showed  that  there  was  little  change  in 
the  relative  velocities  in  the  channel  from  a  point  1.7  feet  below  the 
screens  to  a  point  where  the  effect  of  the  weir  was  first  felt. 


*Trait6  de  la  mesure  des  Eaux  Courantes,  by  P.  Boileau.    Paris,  1854,  pp.  58,  60,  61. 


PLATE  V. 


DIAGRAM  SHOWING  THE  CORRECTIONS  FOR  VELOCITT  OF  APPROACH  TO  BE 
ADDED  TO  THE  DEPTHS  ON  WEIRS  WITHOUT  END  CONTRACTIONS. 

Note. — The  figures  on  the  curves  show  depths  of  channel  below  crest 
of  weir. 
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During  one  experiment  (see  page  38),  in  which  the  screens  were 
placed  7.3  feet  from  a  weir  3.56  feet  high,  the  discharge  was  affected 
little,  if  any.  In  this  case  the  distance  was  less  than  2^  times  the  height 
of  the  weir,  and  it  may  be  said  to  corroborate  the  statement  given  above  ; 
yet,  with  the  present  limited  knowledge  of  the  subject,  it  would  be 
safer  to  place  the  screens  as  far  from  the  weir  as  practicable. 

The  circumstances  which  may  influence  the  effect  of  velocity  of 
approach  on  the  flow  over  a  weir  are  so  numerous,  and  so  varied  in  their 
nature,  that  the  importance  of  using  an  apparatus  of  the  best  and 
simplest  form  for  the  determination  of  reliable  data  is  obvious. 

For  the  same  reasons  it  seems  equally  obvious  that,  in  order  to 
render  applicable  the  formula  given,  the  conditions  which  existed 
during  the  experiments  must  be  observed.  The  more  important  ones 
are: 

1st.  A  sufficient  length  of  channel  between  the  screens  and  the  weir. 

2d.  A  straight  channel  of  uniform  section. 

3d.  The  head,  if  taken  without  the  angle  of  pressure,  should  be  taken 
at  such  a  place  and  in  such  a  manner  that  it  will  represent  correctly  the 
height  of  the  surface  of  the  water  above  the  curvature  of  the  sheet;  or, 
if  taken  within  the  angle,  it  should  be  taken  at  the  bottom  of  the 
channel  close  to  the  weir. 

In  practice  the  calculation  of  the  correction  for  velocity  of  approach 
is  attended  with  considerable  labor;  but  where  the  results  of  many  ob- 
servations are  to  be  obtained,  the  labor  may  be  greatly  reduced  by  plot- 
ting for  any  given  weir,  with  or  without  end  contractions,  a  curve,  simi- 
lar to  those  shown  on  the  accompanying  diagram  (Plate  V.), 
which  gives  to  the  natural  scale  the  correction  to  be  added  to  the  ob- 
served depth  on  a  Aveir  without  end  contractions  for  various  depths  of 
channel. 

The  quantities  involved  being  small,  a  diagram  can  be  made  to  a  scale 
sufficiently  large  to  furnish  the  results  with  any  required  degree  of  ac- 
curacy. 
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EXPERIMENTS  ON  THE  FLOW  OF  WATER  OVER 
SHARP-CRESTED  WEIRS. 


These  experiments  were  made  on  two  dififerenfc  weirs.  The  experi- 
ments made  on  the  first,  which  was  5  feet  long,  with  depths  varying 
from  0.07  to  0.83  feet,  took  place  in  March,  1877. 

Those  made  on  the  second  weir,  19  feet  long,  with  depths  varying 
from  0.47  to  1.63  feet,  took  place  in  November  and  December,  1879. 

In  carrying  out  these  experiments  the  information  given  by  Mr.  J. 
B.  Francis  has  been  an  invaluable  guide  for  the  conduct  of  the  observa- 
tions and  for  the  arrangement  of  the  apparatus .  The  first  object  of  the 
smaller  weir  was  to  ascertain  whether  the  co-efficient  given  by  him  is 
equally  applicable  when  the  depths  of  water  over  the  weir  are  smaller 
than  those  which  he  had  experimented  upon,  and  if  not,  to  find  a 
formula  which  could  cover  all  depths  within  experimental  limits.  The 
apparatus  was  also  used  for  measuring  the  flowing  capacity  of  the  con- 
duit for  small  volumes. 

The  larger  weir  was  constructed  for  measuring  the  flowing  capacity 
of  the  conduit  for  larger  volumes;  and  as  the  conditions  of  flow  over  the 
weir  for  large  depths  were  different  from  those  recommended  by  Mr. 
Francis,  several  experiments  were  made  to  test  it.  In  both  cases  the 
flow  of  water  was  actually  measured  in  a  basin  below  the  weir. 

EXPERIMENTS  ON  WEIR  FIVE  FEET  LONG. 

In  1877,  at  the  time  of  the  observations,  the  Gate-House  at  Farm  Pond 
was  not  completed,  and  a  bulkhead  at  the  entrance  of  the  conduit  re- 
tained the  water  of  Farm  Pond. 

The  apparatus  was  entirely  within  the  conduit,  and  is  shown  on  Plate 
I.  Fig.  1  is  a  plan  in  which  the  upper  arch  of  the  conduit  is  supposed 
to  have  been  removed.  Fig.  2  is  a  longitudinal  section.  Fig.  3  is  an 
up-stream  elevation  of  the  weir,   and  shows  also  a  section  of  the  channel 
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of  approach  and  of  the  conduit.  Fig.  4  shows  a  section  of  the  weir  on  a 
larger  scale.  The  same  letters  refer  to  the  same  parts  of  the  apparatus 
in  each  of  the  figures.  B,  B,  B,  B,  are  four  gates  which  controlled  the 
flow  of  water  through  openings  in  the  bulkhead  at  the  entrance  of  the 
conduit ;  these  gates  could  be  raised  to  admit  any  desired  quantity  of 
water  into  the  basin  above  the  weir,  and  could  be  clamped  at  any  height. 
C  is  a  box  into  which  the  water  entering  through  the  orifices  fell.  D  is 
a  plank  bulkhead  having  a  few  openings  in  it.     -27  is  a  screen.     F,  F,  F, 

F,  are  floating  planks  provided  to  reduce  the  oscillations  of  the  surface. 

G,  G,  are  the  sides  of  the  channel  of  approach,  which  was  about  12  feet 
long  and  5  feet  wide.  The  bottom  of  the  channel  was  curved,  as  shown 
in  Fig.  3. 

The  mean  depth  of  the  channel  below  the  crest  of  the  weir  was  3.17 
feet.  The  sides  of  the  channel  were  made  of  matched  boards,  and  a 
portion  of  them  (shown  at  K)  near  and  at  the  weir  were  made  of  carefully 
planed  boards,  which  extended  a  short  distance  below  the  weir.  This 
disposition  prevented  both  the  end  contraction  and  the  expansion  of  the 
sheet  after  passing  the  weir  ;  and  it  may  be  said  that  the  weir  used  in 
such  conditions  represented  fairly  a  section  of  a  weir  of  infinite  length. 
/  is  the  weir  which  is  also  shown  on  a  larger  scale  in  Fig.  4.  The  water 
flowed  over  a  nickel-plated  steel  straight-edge  0.0066  feet  thick.  The 
up-stream  edge  was  sharp,  and  during  the  experiments  the  water  never 
touched  any  portion  of  the  weir  after  passing  this  edge.  iVis  a  gate  by 
which  the  weir  basin  could  be  emptied. 

The  depth  of  water  on  the  weir  was  measured  with  a  hook-gauge 
firmly  fastened  to  a  post,  0,  placed  6  feet  below  the  weir.  The  hook- 
gauge  pail,  placed  on  a  movable  shelf,  was  connected  by  means  of  a  rub- 
ber pipe  with  an  orifice  in  the  board  H,  6  feet  above  the  weir.  L  and  M 
are  two  gates  5  feet  long,  either  of  which  could  be  used  to  close  the  weir 
opening.  The  gate  M  (see  Fig.  9)  was  held  in  place,  when  closed,  by 
two  bolts.  The  gate  L,  when  closed,  was  held  in  place  by  the  pressure 
of  the  water.  P  is  a  dam,  22  feet  below  the  weir,  having  an  opening 
which  could  be  closed  with  stop-planks.  The  basin  between  this  dam 
and  the  weir  was  used  to  measure  the  discharge  over  the  latter  when  the 
depths  of  water  flowing  over  it.  were  small,  and  is  designated  as  the 
"  small  basin. "  A  similar  dam  was  built  367  feet  below  the  weir,  and 
the  basin  between  this  dam  and  the  weir  goes  by  the  name  of  the  * '  large 
basin."    Below  each  of  these  dams  a  smaller  one  (shown at  Q)  was  built, 
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which  formed  a  small  pool  from  which  water  leaking  through  the  stop- 
planks  was  bailed  back  into  the  measuring  basin.  Five  screens  were 
placed  at  intervals  across  the  "  large  basin  "  to  prevent  oscillations  from 
one  end  to  the  other.  The  height  of  the  water  in  the  measuring  basin 
was  taken  with  a  hook-gauge  attached  to  the  up-stream  side  of  the  first 
dam  below  the  weir. 

In  making  experiments  of  this  kind  the  depth  on  the  weir  must  be 
maintained  nearly  uniform  from  the  beginning.  This  result  is  usually 
attained  by  allowing  the  water  to  flow  over  the  weir  until  the  depth  re- 
mains nearly  constant,  and  by  diverting  it  from  the  measuring  basin 
until  the  beginning  of  an  experiment.  In  the  present  case  the  water 
passing  the  weir  could  not  be  diverted,  and  it  was  therefore  necessary  to 
allow  no  water  to  pass  the  weir  except  during  the  experiments,  and  to 
start  the  flow  witk  the  depth  on  the  weir  which  was  to  be  maintained. 
To  attain  this  result  the  opening  of  the  gates  in  the  bulkhead  necessary 
to  give  the  required  depth  on  the  weir  was  ascertained  by  a  preliminary 
trial;  stops  were  then  fastened  above  the  gates  so  that  they  could  be 
suddenly  opened  to  the  same  width.  At  the  beginning  of  the  experi- 
ment the  weir  opening  was  closed  by  the  gate  on  the  down-stream  side, 
and  sufiicient  water  was  admitted  to  raise  the  level  in  the  basin  above 
the  weir  very  gradually  until  it  reached  the  desired  depth  on  the  weir, 
then,  at  a  signal,  the  gates  at  the  weir  and  at  the  bulkhead  were  suddenly 
opened.  The  gate  at  the  weir  (Plate  I. ,  Fig.  9)  was  so  arranged  that  a 
single  pull  of  the  rope  drew  the  bolts  and  opened  the  gate  at  the  same 
time;  the  movement  of  the  gate  was  further  aided  by  the  water  pressure. 
To  end  an  experiment  the  gate  on  the  up-stream  side  of  the  weir  and  the 
gates  in  the  bulkhead  were  closed  nearly  simultaneously. 

The  duration  of  the  experiment  was  measured  with  a  stop-watch 
which  recorded  fifths  of  seconds.  The  watch  was  not  a  very  accurate 
time-keeper,  but  was  frequently  compared  with  a  reliable  watch  to  ascer- 
tain its  rate.  The  hook-gauge  was  read  four  times  in  the  first  minute, 
then  twice  a  minute  until  the  flow  became  constant,  then  every  minute 
until  the  end. 

At  the  beginning  of  an  experiment  there  was  water  in  sufficient  quan- 
tity in  the  measuring  basin  to  cover  the  invert  of  the  conduit,  and  during 
the  experiment  it  was  allowed  to  rise  about  two  feet,  so  that  the  volume 
of  water  measured  had  a  section  very  nearly  rectangular,  limited  at  top 
and  bottom  by  level  surfaces. 
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The  formula  adopted  for  calculating  the  results  of  the  experiments 
was  of  the  well-known  form  Q  =  c  L  H^,  in  which 

Q  is  the  quantity  in  cubic  feet  per  second, 

c  a  co-efficient, 

L  length  of  weir, 

H  depth  on  weir  corrected  for  velocity  of  approach. 

The  value  of  c  was  calculated  from  each  experiment  and  was  found  to 
vary  with  the  depth  on  the  weir. 

A  formula,  containing  only  constant  co-efficients,  yet  representing  the 
results,  was  next  sought,  and  found  to  be  of  the  form 

Q  =  c  L  H2  -\-  a  L,  in  which  c  and  a  are  constant  quantities  ;  to  rep- 
resent this  series  of  experiments  the  formula  becomes 

^  =  3.33  X5i-f  0.0065  i. 

Table  XIV.  shows  the  results  of  all  the  experiments,  also  a  comparison 
with  the  results  obtained  by  the  above  formula. 

Each  experiment  is  also  plotted  on  Plate  VI.  in  the  vicinity  of  the 
curve  marked  "A,"  which  represents  the  formula.  The  circles  and 
crosses  represent  respectively  the  ** large"  and  "small"  basin  experi- 
ments. A  query-mark  has  been  placed  beside  those  which  are  imperfect, 
as  shown  in  the  column  of  remarks  (Table  XIV). 

The  proportional  differences  resulting  from  the  comparison  between 
the  formula  and  the  experiments  are  given  in  column  14  of  the  table. 
Upon  examination  it  shows  many  irregularities,  especially  when  the 
water  was  measured  in  the  "small  basin."  To  sum  up  the  results  given, 
we  find  16  "large  basin  "  experiments  with  depths  on  the  weir  varying 
from  0.8312  to  0.2296  feet ;  of  these  one  (No.  7)  is  shown  by  the  result  to 
be  of  no  value  ;  three  others  wore  imperfect,  as  may  be  seen  by  referring 
to  the  columns  of  remarks,  and  are  given  only  for  the  purpose  of  pre- 
senting a  complete  record  ;  their  average  difference  from  the  formula  is 
0.0041 ;  of  the  remaining  twelve  the  largest  difference  is  0.0079  ;  the  next 
largest,  0.0025,  and  in  no  other  case  does  it  exceed  0.0010. 

The  "small  basin"  experiments,  with  depths  on  the  weir  ranging 
from  0.2193  to  0.0735  feet,  are  15  in  number  ;  of  these  3  were  imperfect 
and  showed  an  average  difference  of  2^  per  cent.  ;  the  remainder  showed 
an  average  difference  of  1^  per  cent. 

A  careful  study  of  the  experiments  seemed  to  show  that  the  irregu- 
larities were  due  to  causes  which  might  affect  some  without  affecting  the 
whole,  and  which  were  as  likely  to  produce  errors  in  one  direction  as  in 
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the  other  ;  the  conclusion  was  therefore  reached  that  10  of  the  **  large 
basin  "  experiments  contained  no  errors  of  consequence,  and  that  the 
errors  in  the  "small  basin"  experiments  were  not  beyond  the  limits 
indicated  by  the  column  of  differences.  The  results  do  not  show  a  very 
close  accordance  with  other  results  of  our  own,  nor  with  those  of  other 
experimenters,  and  for  this  reason,  as  well  as  for  justifying  the  conclusions 
given  above,  it  may  not  be  out  of  place  to  discuss  with  some  detail  the 
circumstances  of  the  experiments. 

The  principal  errors  which  may  have  occurred  are  as  follows  : 

1st.  Errors  in  physical  measurements,  such  as  the  measurement  of  the 
depth  on  the  weir,  of  its  length,  of  the  duration  of  the  experiment  and  of 
the  size  of  the  measuring  basin. 

2d.  Errors  due  to  the  conditions  existing  during  the  experiments, 
such  as  the  velocity  of  approach,  the  friction  at  the  ends  of  the  weir 
imperfections  in  the  construction  of  the  apparatus,  etc. 

3d.  Errors  due  to  leakages  into  and  out  of  the  gauging  basin. 

Before  proceeding  with  details  it  is  well  to  state  that,  owing  to  the 
lack  of  room  at  the  place  where  the  experiments  were  made,  it  was 
necessary  to  change  the  assistants  frequently  to  relieve  them  from  their 
cramped  positions.  This,  by  preventing  a  proper  organization  of  the 
force  employed,  was  the  principal  occasion  of  the  large  number  of  imper- 
fect experiments  and  a  cause  of  some  of  the  irregularities  in  others  ;  most 
of  the  irregularities,  however,  were  caused  by  errors  in  the  measurement 
of  depth  on  the  weir,  which  will  be  considered. 

Depth  on  the  Weie. 

Owing  to  the  manner  in  which  the  experiments  were  started,  the 
level  of  the  water  in  the  basin  above  the  weir  fluctuated  to  a  greater  or 
less  extent  for  a  short  time  at  the  beginning  of  an  experiment. 

In  most  of  the  experiments  this  fluctuation  did  not  exceed  a  few 
thousandths  of  a  foot  ;  in  the  remainder  it  was  larger,  reaching  0.049  of 
a  foot  in  the  extreme  case  (Exp.  No.  9).  Such  initial  fluctuations  could 
not  be  definitely  measured  with  the  apparatus  used,  as  it  was  imprac- 
ticable to  take  measurements  oftener  than  once  in  fifteen  seconds,  and 
for  the  more  important  reason  that,  owing  to  the  inertia  of  the  water  in 
the  connecting  pipe,  fluctuations  in  the  basin  above  the  weir  were 
recorded  but  imperfectly,  and  after  an  interval  of  time,  in  the  gauge  pail. 
An  error  of  any  given  amount,  occurring  in  this  way,  would  affect  the 
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final  results  less,  as  the  duration  of  the  experiment  and  the  depth  on  the 
weir  increased,  varying  in  a  direct  ratio  in  both  cases.  It  has  been  thus 
found  that  the  "small  basin  "  experiments  were  affected  on  an  average 
five  times  as  much  as  those  made  in  connection  with  the  "large  basin." 

Aside  from  the  errors  referred  to,  the  depths  on  the  weir  were  very 
carefully  taken  ;  in  fact,  the  necessity  for  accuracy  was  so  apparent  with 
the  smallest  depths  on  the  weir  that  trials  were  made  to  ascertain  the 
degree  of  accuracy  attainable  with  the  apparatus  used.  The  comparative 
levels  of  the  hook-gauge  and  of  five  different  points  of  the  weir  crest 
were  generally  taken  every  two  or  three  days  with  an  apparatus  similar 
to  that  described  on  page  63.  On  March  31,  the  day  of  the  experiments 
with  the  smallest  depths,  two  comparisons  were  made  as  given  below  ; 
the  observers  at  the  gauge  and  weir  changing  places  between  the  com- 
parisons. 


Reading  of  the  Hook-gauge  when 
the  Water  is  Level  with  the  Crest. 

Point  on  Weir. 

Average  of  First 
Observations. 

Average  of  Second 

Observations. 

1st  Comparison. 

2d  Comparison. 

No.  1. 

0.0016 

0.0019 

"     2. 

0.0020 

0.0020 

"     3. 

0.0018 
0  0018 

0.0019 
0.0020 

0.00174 

0.00182 

"     4. 

«'     5. 

0.0015 

0.0013 

Difference,  0.00008 

In  order  to  ascertain  how  exactly  gauge  measurements  could  betaken, 
several  trials  were  made  to  test  the  accuracy  with  which  the  vernier 
could  be  read,  and  with  which  the  point  of  the  hook  could  be  made  to 
coincide  with  the  surface  of  the  water.  In  the  former  case  three  observ- 
ers read  the  vernier,*  while  the  position  of  the  gauge  remained  un- 
changed. The  average  of  these  three  readings  was  called  the  standard. 
From  several  trials  it  was  found  that,  disregarding  signs,  the  average 
difference  from  the  standard  was,  with  the  three  observers,  0.00004, 
0 .  00007  and  0 .  00007  feet.   The  average  personal  error  between  two  of  the 


*  The  vernier  gave  the  readings  of  the  gauge  to  thousandths  of  a  foot;  ten  thousandths 
were  estimated. 
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observers  was  0 .  00012  feet.  In  the  latter  case  the  point  of  the  hook  was 
made  to  coincide  as  nearly  as  possible  with  the  surface  of  water  remain- 
ing at  a  constant  level,  and  the  very  slight  differences  in  setting  the  hook  at 
successive  trials  were  measured  by  the  horizontal  displacement  of  a  beam 
of  light  j-eflected  from  a  small  mirror  fastened  to  the  screw  of  the  gauge 
on  a  scale  where  the  motion  of  the  hook  was  magnified  3  000  times. 
Successive  observations  by  the  same  observer  showed  an  average  differ- 
ence of  0.000012  feet  in  height ;  similar  observations  with  different 
observers,  0 .  000021  feet.  Even  these  small  quantities  do  not  represent 
the  limit  of  accuracy  attainable,  as  the  larger  part  of  the  differences  is 
probably  due  to  the  imperfection  of  some  of  the  arrangements  for 
measuring  the  height. 

Velocity  or  Approach. 

It  must  be  remembered  that  when  these  experiments  were  made,  our 
investigations  of  this  subject  had  not  taken  place. 

Its  effect  was  first  computed  by  adding  to  the  observed  depth  on  the 
weir  the  head  due  to  the  mean  velocity  in  the  channel  of  approach.  The 
co-efficients  in  the  weir  formula  calculated  upon  this  basis,  instead  of  re- 
maining constant,  or  decreasing  continuously  with  increasing  depths  on 
the  weir,  as  we  were  led  by  the  results  of  experiments  on  record  to  sup- 
pose they  should,  showed  a  noticeable  increase  with  the  largest  depths. 
A  study  of  the  experiments  seemed  to  show  no  cause  for  this,  except 
error  in  the  correction  for  the  effect  of  the  velocity  of  approach,  which 
appeared  to  be  too  small.  In  view  of  this  fact,  and  because  it  was  found 
to  be  warranted  by  the  experiments  of  others,  a  correction  of  1.8  h  was 
chosen  as  a  basis  for  recalculating  the  experiments.  The  co-efficient  1.8 
was  selected  in  preference  to  any  other,  because  it  seemed  to  give  the 
best  results  ;  moreover,  it  happened  to  be  identical  with  the  co-efficient 
deduced  from  Boileau's  experiments."^ 

Our  later  experiments  on  velocity  of  approach  furnish  for  this  case  a 
correction  varying  from  1 .45  to  1 .50  h.  This  difference  may  be  due  to 
the  fact  that  the  conditions  (see  page  47)  relating  to  the  manner  of  taking 
the  head  were  not  strictly  complied  with .  The  head  was  taken  through 
a  pipe  ending  at  an  auger  hole  in  a  planed  board,  6  feet  above  the  weir 
and  0.9  feet  above  the  bottom.     The  board  was  placed  1.5  feet  from  and 


*  p.  Boileau.     Trait6  de  la  mesure  des  Eaux  Courantes.    Paris,  1854. 
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parallel  with  the  side  of  the  channel.  Care  was  taken  to  prevent  the  end 
of  the  pipe  from  projecting  beyond  the  board  ;  but  it  should  also  be 
stated  that  the  auger  hole  was  about  }  inch  larger  than  the  pipe. 

There  is  hardly  any  doubt  that  the  place  where  the  head  was  taken 
was  outside  of  the  angle  of  pressure. 

The  differences  in  the  final  results  occasioned  by  using  the  correction 
1 . 8  ^  instead  of  1.45  A  or  1.50  7i,  as  afterwards  found,  are  not  great; 
with  the  largest  depth  on  the  weir  the  variabion  is  0.4  of  one  per  cent, ; 
with  0 . 5  feet  depth,  0.16  of  one  per  cent. ;  with  0 . 3  feet  depth,  0 .  06  of 
one  per  cent. ;  with  the  smaller  depths  it  is  inappreciable. 

Length  of  Weik. 

The  length  of  the  weir  was  measured  every  two  or  three  days  with  a 
wooden  rod,  which  was  compared  each  time  with  a  standard,  and  there 
can  be  no  error  of  importance  in  the  measurement.  The  effective  length 
of  the  weir  may  have  been  less,  owing  to  friction  at  the  sides  of  the  chan  - 
nel  ;  if  so,  the  co-efficients  should  be  larger  than  those  given. 

Duration  of  the  Experiment. 

Errors  in  observing  the  beginning  and  end  of  the  experiments  would 
not  probably  exceed  an  average  of  one-half  second,  though  in  some  ex- 
periments the  total  error  in  the  duration  may  equal  one  or  two  seconds  ; 
an  error  of  one  second  would  affect  the  final  results  from  h  to  jsV,  of  one 
per  cent. 

Hize  of  the  Measuring  Basin. 

The  widths  of  the  conduit  were  taken  every  5  feet  in  its  length  for 
the  "large  basin,"  and  every  3  feet  for  the  "small  basin  ;"  in  each  case 
they  were  taken  every  three  inches  in  height.  The  capacity  between  the 
"  high  "  and  "  low  "  water  levels  was,  for  the  "  large  basin,"  6  403  cubic 
feet,  and  for  the  "small  basin,"  359.5  cubic  feet.  Graphical  measure- 
ments of  the  cross-section  of  the  conduit,  previously  taken  every  25 
feet  in  its  length,  were  made  use  of  for  checking  these  capacities.  The 
variation  in  the  former  case  was  r4V"o>  and  in  the  latter  case  -jio. 

In  all  cases  proper  deductions  were  made  for  posts,  and  proper  cor- 
rections for  any  variation  in  the  level  of  the  water  from  the  standard 
"  high "  and  "low  "  water  levels  in  the  basin.     The  heights  of  the  water 
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were  taken  with  a  hook-gauge,  but,  owing  to  oscillations  of  the  surface, 
when  at  the  high  level,  they  were  not  taken  so  accurately  as  the  depths 
on  the  weir.  In  the  "small  basin,"  however,  the  oscillations  ceased 
after  a  short  time  ;  in  the  "large  basin "  they  were  largely  prevented  by 
the  five  screens  across  the  conduit,  and  as  the  stop-planks  between  the 
two  portions  of  the  basin  were  also  put  in,  leaving  but  a  small  opening 
for  the  water,  the  amplitude  of  the  oscillations  at  the  gauge  was  reduced 
to  about  0 .  006  feet.  Eight  or  ten  readings  were  generally  taken,  and 
the  average  could  hardly  be  in  error  more  than  0 .  001  foot,  which  would 
produce  an  error  in  the  final  results  of  2-0  of  one  per  cent. 

Leakage  into  oe  out  of  the  Measuring  Basins. 

The  basins  were  below  the  level  of  the  water  in  the  ground  through 
which  the  conduit  is  built,  and  consequently  received  some  water  from 
percolation  through  the  brick  work.  This  was  measured  in  the  "'large 
basin"  when  the  water  was  at  the  "low  "  level,  and  was  found  at  three 
different  times  to  be  0 .  20,  0 .  21  and  0 .  22  cubic  feet  per  minute.  At  the 
"liigh  "  level  it  would  have  been  a  little  less,  but  no  account  was  taken 
of  this  fact,  since  the  total  percolation  in  the  longest  experiment 
amounted  to  only  -^^-q  of  the  capacity  of  the  basin.  At  the  end  of  a  few 
of  the  "  small  basin  "  experiments  there  was  a  little  leakage  past  the 
weir,  which  was  taken  account  of  by  noting  the  rate  at  which  the  water 
rose  in  the  basin. 

Water  leaking  through  the  stop-planks,  forming  the  lower  ends  of 
the  basins,  was  collected  into  the  small  pools  made  below,  and  was  bailed 
back  into  the  basins  ;  in  a  few  of  the  "  small  basin  "  experiments  a  little 
of  that  water  was  lost. 

In  conclusion,  it  may  be  stated,  that,  aside  from  what  has  already 
been  described,  no  imperfections,  which  would  appreciably  influence  the 
results,  were  known  to  exist,  either  in  the  apparatus  used  or  in  the 
methods  employed. 
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EXPERIMENTS  ON  THE  WEIR  19  FEET  LONG. 

These  experiments  were  made  in  1879.  The  weir  was  placed  in  the 
gate-house  at  Farm  Pond.  Plate  III.  shows  the  gate-house  and  the  appar- 
atus contained  in  it. 

Fig.  1  is  a  longitudinal  section.  Fig.  2  is  a  general  plan.  Fig.  6  is  a 
partial  elevation  of  the  weir  looking  up-stream. 

A  glance  at  the  plan  discloses  the  fact  that  the  distance  from  the 
screens  to  the  weir  is  much  less  than  we  have  recommended  in  previous 
pages,  and  is  not  warranted  by  any  previous  experience. 

As,  however,  the  weir  was  put  up  to  measure  with  accuracy  the  flow- 
ing capacity  of  the  conduit  with  large  volumes  of  water,  the  experiments 
were  made  to  establish  a  reliable  formula  applicable  to  this  weir.  With 
large  flows  it  was  expected  that  the  results  might  vary  considerably  from 
those  obtained  under  normal  conditions,  but  with  smaller  depths  the 
flow  of  the  water  to  the  weir  appeared  so  regular,  and  the  velocity  was 
so  small,  that  it  was  not  thought  that  the  abnormal  conditions  would 
have  any  appreciable  effect. 

From  Farm  Pond  the  water  entered  the  gate-house  through  the  open^ 
ings.  A,  A,  in  the  masonry,  and  passed  through  wire  screens  at  B.  The 
two  iron  gates,  G,  C,  were  used  for  regulating  the  amount  of  water  ad- 
mitted to  the  weir,  but  their  motion  being  necessarily  slow,  the  swinging 
gates,  F,  F,  were  resorted  to  for  the  purpose  of  admitting  the  water 
suddenly  at  the  beginning  of  each  experiment. 

These  gates,  made  of  planks,  were  supported  from  above  by  arms 
allowing  them  to  swing  backward  and  forward. 

When  they  were  closed  against  the  masonry,  as  shown  in  the  lower 
chamber  (Fig.  2),  they  covered  the  openings  D,D. 

In  this  position  they  could  be  tightly  clamped,  and  would  hold  back 
the  water  in  the  pond  when  the  iron  gates  (7,  C,  were  opened.  The  fast- 
enings of  the  swinging  gates  were  so  arranged  that  the  withdrawal  of 
bolts  released  them,  and  allowed  them  to  open.  By  means  of  levers  and 
suitable  connections,  the  bolts  of  both  gates  could  be  withdrawn  simul- 
taneously by  one  person  standing  on  the  floor  of  the  gate-house. 

When  they  were  open,  as  shown  in  Fig.  1  and  in  the  upper  chamber 
Fig.  2,  they  interrupted  the  swift  current  coming  from  the  gate  openings 
above,  and  the  water  passing  over,  under  and  either  side  of  them,  and 
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changing  its  direction  several  times,  reached  the  openings,  (r,  G,  with  a 
comparatively  uniform  velocity. 

The  iron  gates  G' ,  G\  in  front  of  the  openings  G^  6?,  were  kept  open 
all  of  the  time. 

Two  screens,  H,H,  4  feet  wide  and  6  feet  high,  were  placed  directly 
in  front  of  the  openings  G,  G.  The  openings  in  these  screens  occupied 
about  I  of  their  area.  K,K,  are  floating  planks.  /,/,  are  screens  made 
of  inch  boards  ;  the  openings  occupied  \  of  their  area,  and  consequently 
the  velocity  through  them  was  due,  theoretically,  to  a  loss  of  head  nine 
times  as  great  as  the  head  due  to  the  mean  velocity  of  approach.  These 
screens  were  chiefly  relied  upon  for  equalizing  the  velocity  in  the  differ- 
ent parts  of  the  channel.  L,L,  are  vertical  partitions  used  to  direct  the 
flow  toward  the  middle  of  the  channel,  and  to  prevent  an  eddy  from 
being  formed  below  the  pointed  pier.  M,M,  are  boards  put  in  after  the 
first  trial  of  the  apparatus.  N,N,  are  screens  made  of  \  inch  slats,  f  of 
an  inch  apart ;  the  screens  were  7.45  feet  from  the  weir. 

In  constructing  the  weir  many  precautions  were  taken  to  prevent  any 
change  in  the  level  of  the  crest,  either  from  the  swelling  of  the  wood  or 
from  insuflScient  strength.  The  lower  portion  of  the  weir  was  made  of 
spruce  timbers  six  inches  thick,  fastened  together  with  bolts  running 
through  them  from  top  to  bottom  ;  above  the  spruce  timbers,  but  not 
touching  them,  was  a  hard  pine  timber,  T,  14  inches  high,  and  7  inches 
wide  ;  this  timber  was  supported  by  four  vertical  hard  pine  timbers, 
S,S,S,S,  which  rested  on  the  masonry,  and  were  bolted  only  to  the  top 
and  bottom  timbers  of  the  weir,  and  by  two  shorter  hard  pine  posts, 
S',S\  resting  on  the  masonry  platforms  at  the  ends  of  the  weir. 

The  spaces  between  the  timbers  and  the  masonry  were  made  water- 
tight by  caulking  with  oakum  ;  the  face  of  the  weir  was  then  sheathed 
with  tongued  and  grooved  boards  which  fitted  into  a  rabbet  in  the  upper 
timber.  These  boards  were  nailed  only  to  the  upper  and  lower  timbers, 
and  care  was  taken  that  their  ends  did  not  abut  against  the  masonry  at 
the  bottom  of  the  channel,  nor  against  the  top  of  the  rabbet  in  the  upper 
timber.  All  the  joints  were  made  water-tight  with  white  lead  or  elastic 
cement. 

The  crest  of  the  weir  was  made  of  an  iron  bar  3^  inches  wide,  and  i 
of  an  inch  thick,  firmly  screwed  to  the  upper  timber.  The  upper  surface 
of  the  iron  was  planed,  and  the  up-stream  face  was  finished  with  a  file 
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after  the  bar  was  secured  in  place,  thus  making  the  up-stream  edge 
sharp. 

The  form  of  the  upper  timber,  and  the  relative  positions  of  the  iron 
bar  and  the  sheathing,  is  shown  in  Fig.  5. 

The  weir  was  19  feet  long,  and  6.55  feet  high  ;  a  hook-gauge  was  fast- 
ened to  each  of  the  end  posts,  S',S',  which  were  firmly  bolted  to  the 
weir.  The  height  of  the  weir  and  gauges,  as  compared  one  with  the 
other,  remained  very  uniform,  the  maximum  variation  in  five  months 
being  only  0.0002  feet. 

X,X,  are  tin  hook-gauge  boxes  resting  on  movable  shelves  which 
could  be  clamped  at  any  desired  height ;  each  could  be  connected  at  will 
with  either  one  of  three  rubber  pipes,  the  first  communicating  with  the 
orifices  0, 0,  6  feet  from  the  weir,  the  second  with  the  pipe  P,  at  the 
bottom  of  the  channel  near  the  weir,  the  third  with  the  apparatus  (Fig. 
5)  for  comparing  the  level  of  the  gauges  and  of  the  weir.  Details 
of  one  of  the  piezometers,  0,  0,  for  taking  the  head  6  feet  from  the  weir, 
are  given  in  Figs.  3  and  4.  They  consisted  essentially  of  a  small  Ty 
flanged  at  opposite  ends  with  thin  steel  plates  set  parallel  with  each 
other,  and  at  right  angles  with  the  pipe.  The  T  communicated  through 
a  I  inch  gas  pipe,  with  a  pipe  of  Ij  inches  inside  diameter  ;  the  latter 
extended  across  the  channel,  but  it  was  plugged  in  the  middle,  and  either 
half  was  connected  with  the  gauge  box  on  the  same  side. 

The  apparatus  used  for  comparing  the  levels  of  the  hook-gauges  and 
the  weir  is  shown  in  Fig.  5.  It  consisted  of  a  piece  of  hard  wood,  C, 
which  was  hung  from  the  iron  crest  of  the  weir.  By  by  two  pieces  of 
metal,  one  of  which  is  shown  at  D.  The  wood  served  as  a  support  for  a 
steel  spring,  JS',  which  carried  at  one  end  a  hook,  having  a  point  slightly 
below  the  level  of  the  crest  when  the  spring  was  not  in  tension,  but 
which  could  be  raised  to  this  level  by  means  of  a  thumb-screw.  The 
hook  was  brought  to  the  exact  height  of  the  crest  by  means  of  a  good 
spirit-level ;  then  the  tin  box,  F,  was  put  in  place  without  disturbing 
the  hook.  The  rubber  pipes,  G,  6r,  led  from  this  box  to  the  hook-gauge 
boxe%  The  box  F  was  filled  until  the  surface  of  the  water  coincided 
with  the  point  of  the  hook  E ;  then  a  reading  of  the  hook- gauges  at 
X,X,  gave  directly  the  comparison  between  the  zero  of  the  gauge  and 
the  crest  of  the  weir. 

A  peculiarity  of  the  apparatus  was  that  the  water  would  not  at  all 
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times  settle  to  the  same  level  in  the  boxes  X,X^  and  F ',  a  variation  of 
0.001  feet  being  quite  common.  The  reason  for  this  was  not  apparent, 
as  care  was  taken  to  run  water  through  the  pipes  to  expel  the  air  and  to 
insure  the  same  temperature  of  the  water  at  all  points  before  making  a 
comparison. 

When  such  a  difference  of  level  was  observed,  the  running  of  water 
back  and  forth  through  the  pipes  was  continued  until  it  would  settle  to 
the  same  level  in  all  of  the  boxes.  It  is  possible  that  this  difficulty  might 
have  been  avoided  by  the  use  of  larger  pipes. 

During  the  experiments  of  the  previous  years  apparatus  constructed 
on  the  same  principle  as  that  just  described  has  been  used,  with  the  ex- 
ception that  the  water  in  the  basin  above  the  weir  was  raised  to  the  level 
of  the  hook  at  the  weir,  and  the  tin  box  and  connecting  pipes  were  dis- 
pensed with. 

The  following  features  were  common  to  all  experiments  from  the 
beginning  : 

The  gauges  were  compared  with  a  point  in  the  middle  of  each  foot 
length  of  weir  ;  the  gauge  boxes  were  blackened  inside  and  lights  were 
placed  in  such  a  manner  that  the  reflection  took  place  from  the  surface  of 
the  water  close  to  the  point  of  the  hook  ;  to  prevent  any  other  reflection 
all  wood-work  near  the  lamps  was  painted  black. 

The  pipe  P,  \\  inches  inside  diameter,  at  the  bottom  of  the  channel, 
was  perforated  on  the  top  with  quarter-inch  holes,  about  8  inches  apart ; 
each  half  was  connected  with  the  corresponding  gauge  bdx. 

Two  gates  were  provided  for  starting  or  stopping  quickly  the  flow 
over  the  weir.  The  gate  F,  on  the  down-stream  side  of  the  weir,  shown 
open  in  Fig.  1  and  closed  in  Fig.  6,  was  used  to  start  the  flow  at  begin- 
ning of  the  experiment ;  when  closed  it  was  held  in  place  by  fourteen 
bolts.  By  means  of  a  system  of  levers  connected  with  a  bar  extending 
the  whole  length  of  the  gate  the  bolts  could  all  be  withdrawn  simul- 
taneously, when  the  pressure  of  the  water,  aided  by  a  counter-weight, 
forced  the  gate  open  very  quickly. 

The  gate  U,  on  the  up-stream  side,  was  used  to  stop  the  flow  at  the 
end  of  an  experiment ;  it  was  19  feet  long,  and  2.7  feet  wide. 

The  water  passing  the  middle  portion  of  the  weir  fell  upon  the  plat- 
form W,  at  the  mouth  of  the  conduit,  and  allowed  the  rest  of  the  water 
to  flow  underneath  without  interruption. 

The  conduit,  from  its  entrance  to  the  first  waste  gates,  served  for  a 
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measuring  basin.  Only  the  portion  of  its  area  between  two  water  levels 
3  feet  apart  was  made  use  of.  The  basin  was  11  300  feet  in  length,  and 
nearly  nine  feet  wide,  of  an  approximately  rectangular  section.  The 
contents  of  the  basin  between  these  levels  was  300  272  cubic  feet.  The 
height  of  the  water  in  the  basin  was  measured  with  gauges  at  three 
points,  1  800,  6  000  and  11  300  feet  from  the  weir.  The  gauges  were 
made  of  New  York  leveling  rods,  with  the  addition  of  a  metal  plate 
terminating  in  a  point  at  the  bottom  of  the  rod,  and  a  clamp  and  slow 
motion  screw  ;  the  back  piece  of  the  rod  was  screwed  to  a  plank 
fastened  to  the  masonry  at  the  man-holes  where  the  gauges  were  operated; 
two  verniers  were  provided  to  neutralize  inaccuracies  in  graduation. 
The  length  of  the  portion  of  the  rod  most  used  was  compared  with  a 
steel  standard  everyday  during  the  experiments. 

Nine  partitions,  each  occupying  about  one-half  of  the  width  of  the 
conduit,  were  provided  to  prevent  oscillations  from  one  end  of  the 
measuring  basin  to  the  other.  After  a  few  experiments  some  movable 
parts  were  added  to  the  partition  near  the  middle  of  the  basin,  by  which 
the  partition  could  be  made  to  cover  the  whole  section  of  the  conduit, 
with  the  exception  of  an  area  of  3  or  4  square  feet.  By  so  reducing 
the  area  through  which  the  water  passed  at  or  near  the  end  of  an  experi- 
ment, the  oscillations  were  made  to  diminish  quite  rapidly. 

The  lower  end  of  the  basin  was  closed  with  stop -planks,  in  grooves 
placed  on  either  side  of  the  conduit.  Joints  at  the  end  and  bottom  of 
the  planks  were  made  tight  with  oakum,  and  joints  between  the  planks 
with  wicking  and  white  lead. 

On  account  of  the  long  time  required  for  an  experiment  (one  day  for 
each),  special  care  was  taken  to  insure  accuracy. 

Before  commencing  an  experiment,  trials  were  made  to  ascertain  the 
openings  of  the  iron  regulating  gates  for  a  flow  corresponding  to  the 
desired  depth  on  the  weir. 

The  routine  of  an  experiment  was  as  follows  :  The  water  in  the 
measuring  basin  was  drawn  to  the  lower  level  (generally  on  the  day  pre- 
ceding the  experiment)  and  measurements  were  taken  to  its  surface,  with 
three  gauges,  every  minute  for  about  an  hour.  During  the  same  time 
other  assistants  were  closing  and  fastening  the  swinging  gates  F,  F 
(Plate  III),  the  gate  V,  ou  the  down-stream  side  of  the  weir,  and  open- 
ing the  iron  regulating  gates  C,  G,  to  the  proper  height.  "Water  was 
next  let  into  the  chamber  above  the  weir  through  a  small  opening  in  one 
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of  the  swinging  gates  until  it  was  nearly  full  ;  then  the  water  rose  slowly 
from  leakage  until  it  reached  the  height  which  was  to  be  maintained 
during  the  experiment.  At  this  moment  the  signal  was  given  to  start, 
which  was  accomplished  by  the  sudden  opening  of  the  swinging  gates 
and  of  the  gate  V,  at  the  weir.  Two  stop-watches  were  started  at  the 
moment  the  gate  was  opened,  and,  in  addition,  the  time  was  noted  with 
an  ordinary  watch.  It  was  not  thought  best  to  trust  the  stop-watches  for 
keeping  the  duration  of  the  experiment,  and  within  a  few  minutes  of  the 
beginning  and  end  they  were  each  compared  with  three  ordinary  watches, 
which  were  in  turn  compared  with  a  chronometer  before  and  after  each 
experiment  to  ascertain  their  rate.  At  the  end  of  the  experiment  the 
gate  U,  on  the  up-stream  side  of  the  weir,  was  closed  quickly  by  two  men 
pressing  on  it,  and  by  the  pressure  of  the  water. 

The  time,  at  the  instant  the  gate  closed,  was  recorded  by  four  ob- 
servers, two  with  stop  and  two  with  ordinary  watches. 

After  closing  the  gate  the  water  in  the  chamber  above  the  weir  rose 
to  the  level  of  the  pond  ;  the  iron  gates  C,  C,  were  closed  as  soon  as  pos- 
sible. 

A  very  little  water  leaked  past  the  weir  gate  after  the  flow  over  the 
weir  was  stopped  ;  the  amount  was  measured  by  observing  the  rate  at 
which  the  water  above  the  weir  was  lowering  after  the  iron  gates  were 
closed. 

The  depths  on  the  weir  were  measured  during  the  first  minute  of  the 
experiment  with  small  float-gauges  located  on  either  side  of  the  channel, 
graphical  records  being  taken  every  five  seconds  ;  during  the  next  two 
minutes  simultaneous  measurements  were  taken  with  the  float  and  hook- 
gauges  to  ascertain  the  correction  to  be  applied  to  the  former.  The 
float-gauges  were  then  removed,  and  hook-gauge  measurements  were 
taken  every  minute  until  the  end  of  the  experiment.  The  depths  on  the 
weir  were  kept  very  nearly  constant  by  slight  movements  of  the 
regulating  gates  C,  C ;  few  changes  were  required,  however,  as  a  volume 
equal  to  that  flowing  over  the  weir  was  drawn  into  the  pond  from  the 
storage  reservoirs  above,  thereby  keeping  its  height  constant. 

Within  an  hour  from  the  end  of  each  experiment  the  water  in  the 
measuring  basin  was  sufficiently  quiet  to  allow  measurements  to  be 
taken  to  its  surface  ;  it  was  never  entirely  quiet,  however,  but  always 
oscillated  with  a  slow  movement  from  one  end  of  the  basin  to  the 
other. 
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At  the  low  level  the  amplitude  of  the  oscillation  was  small,  but  at  the 
high  level  it  was  several  hundredths  or,  at  times,  a  tenth  of  a  foot  during 
the  time  that  measurements  were  taken. 

At  the  low  level  the  duration  of  a  full  oscillation  was  54  minutes,  at 
the  high  level  31  minutes.  Care  was  taken  to  select  such  a  number  of 
gauge  readings  as  should  cover  one  or  more  full  oscillations. 

The  water  in  the  measuring  basin  was,  at  either  level,  below  the 
water  in  the  ground  through  which  the  conduit  Avas  built.  In  conse- 
quence, there  was  some  filtration  through  the  masonry  into  the  basin. 
The  amount  was  determined  twice  at  the  low  level  and  twice  at  the  high 
level,  by  observing  the  rise  in  the  measuring  basin  in  a  given  time. 
The  total  volume  furnished  by  filtration  during  an  average  experiment 
was  about  500  part  of  the  volume  measured  ;  this  small  quantity  was  so 
definitely  known  that  no  appreciable  error  in  the  results  was  caused  by 
it.  To  furnish  an  example  of  the  general  features  of  an  experiment,  one 
will  now  be  presented  in  some  detail  : 

Experiment  No.  7,  November  28th,  1879. 

Observed  depth  on  weir  by  N.  hook-gauge ...    0.9874  ft. 

"  "  *'  S.      "         "      0.9853" 

Average  observed  depth  on  weir 0.9864  '* 

Correction  for  velocity  of  approach +0.0070  " 

Mean  depth  on  weir  corrected  for  velocity  of  ap- 

proach(/7) , 0.9934  '♦ 

Length  of  the  weir  {L) 18.996  '* 

h.    '       • 
(1  19  31.8 
Duration  of  the  experiment  by  each  of  three  watches  •<  1  19  32.3 

( 1  19  33.2 


Average  duration  of  experiment Ih.  19'  32.4"=  4772.4  sec. 


Low  Level.  High  Level. 

Observed     elevation     of  ^  (.  1 . .  10  A.  M.,  U1.96G4.  1.30  P.  M.,  144.9296 

water     m     measuring   ^       ''.2.. 10      "       141.9655.  1.41       "       144.9275 

basin     above      datum  .<      3     jo      "       141.9662.  1.41       "       144.9244 

plane  j 
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Mean  elevation  of  water  1 
in  the  basin,  deduced  [ 
from  measurements  at  j 
the  three  gauges  J 

Corrections  for  filtration  1 
occurring  between  the 
time  of  the  observa- 
tions and  the  mean 
time  of  the  experiment, 
which  was  11.07  A.  M. 


1^ 


Low  Level.  High  Level. 

10  A.  M.,  141.9660.     1.37  P.  M.,  144.9274 


-f-  0.0029 


—  0.0027 


Elevations   of  water    in  ^ 

measuring    basin     re-  |_  141.9689  144.9247 

duced  to  mean  time  of  | 
experiment  j 

Volume  in  measuring  basin  between  elevations,  )  qq^*  p>p.p  •. 

141.9689  and  144.9247  \  "^^^  ^^^  ^^'   "* 

Deduct  leakage  past   weir   after   the   flow   was 

stopped 56     "     " 

Total  volume  which  passed  the  weir 296.000     "     " 

Volume  passing  the  weir  per  second  {Q) 62. 023  cu.  ft. 

Value  of   c  in  the  formula  Q  =  cL  H^ 3.2977 

Table  XV.,  page  69,  shows  the  results  of  all  the  experiments  made 
on  this  weir.  For  the  first  calculations  of  the  experiments  the  formula 
for  velocity  of  approach,  given  on  page  12,  was  made  use  of.  The 
resulting  co-efficients  are  given  in  column  16,  and  it  will  be  noticed  that 
they  increase  with  the  depths  on  the  weir.  This  result,  which  does  not 
seem  to  accord  with  theory  and  experiment,  was  not  unexpected,  as  it 
was  well  known  that  the  arrangements  in  the  channel  above  the  weir 
(chiefly  the  short  distance  between  the  weir  and  the  screens)  were  not 
such  as  to  allow  the  proper  application  of  our  formula  for  velocity  of 
approach.  The  experiments  were  again  calculated,  using  such  a  co-effi- 
cient in  the  formula  for  velocity  of  approach  as  would  make  the 
co-efficients  of  the  weir  formula  decrease  slightly  as  the  depth  on  the  weir 
increased.  The  co-efficients  thus  obtained  are  given  in  column  13,  and 
are  also  plotted  on  Plate  VI.  in  the  vicinity  of  the  curve  marked  B. 

It  was  then  found  that  the  formula  §  =  3.291  LH'^-j-  0.004  L  would 
represent  very  nearly  the  results  of  these  experiments,  as  can  be  seen  by 
column  15,  which  shows  the  proportional  dift'erences  between  the  vol- 
umes as  actually  measured  and  as  calculated  by  said  formula. 
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The  maximum  difference  in  this  column  is  in  Experiment  4  (the 
defective  experiment),  and  is  -jVo  of  one  per  cent.  The  other  differences 
in  no  case  exceed  to^^  of  one  per  cent. ,  and  average  about  7^0  of  one 
per  cent.,  which  shows  that  these  experiments  agree  very  closely 
among  themselves;  but  by  comparing  them  with  the  experiments  made 
on  the  weir  5  feet  long  (see  Table  XIV.,  page  56),  it  will  be  seen  that 
there  is  a  very  noticeable  difference  in  the  results,  the  co-efficients  with 
the  large  weir  being  more  than  one  per  cent,  smaller  than  with  the 
other.  This  discovery  led  to  an  investigation  to  ascertain,  if  possible, 
the  cause  of  the  difference,  but  none  was  found. 

A  few  of  the  more  important  points  covered  by  this  investigation, 
also  some  of  the  methods  employed  in  carryin'g  on  the  experiments,  will 
now  be  considered. 

Capacity  of  the  Measuring  Basin. 

The  conduit  has  an  inclination  of  one  foot  per  mile  ;  the  measuring 
basin  was  a  portion  of  the  conduit  included  between  two  water  surfaces. 
The  contents  of  the  basin  within  the  theoretical  cross-section  of  the  con- 
duit were  susceptible  of  calculation  by  the  prismoidal  formula  ;  but  to 
avoid  any  doubt  about  its  applicability,  the  contents  of  the  various  geomet- 
rical figures  into  which  the  basin  could  be  divided  were  also  calculated, 
and  the  same  final  result  was  obtained.  The  conduit  was  carefully  built 
to  the  proper  form,  but  the  difference  between  its  theoretical  and  actual 
section  was  ascertained  in  the  following  manner  : 

One  year  and  a  half  before  the  experiments,  diagrams  of  the  conduit 
were  taken,  graphically,  every  25  feet  in  its  length.  These  diagrams 
showed  to  the  full  size  the  difference  between  the  theoretical  and  actual 
sections  of  the  conduit,  and  from  them  an  increase  of  ^  of  one  per  cent, 
in  the  capacity  of  the  basin  over  its  theoretical  value  was  found. 

At  the  time  of  the  experiments,  an  additional  series  of  measurements 
were  made  to  detect  further  change  in  the  shape  of  the  conduit.  A  slight 
increase  in  width  was  thus  found,  which  added  1^4  of  one  per  cent,  to  the 
capacity  previously  determined.  The  necessary  additions  were  made  for 
portions  of  the  gate-house  and  waste-weir  included  in  the  basin,  and  the 
proper  deductions  were  made  for  various  timbers. 

To  check  the  capacity  of  the  basin,  the  measured  widths  of  the  con- 
duit were  used  without  reference  to  the  diagrams,  by  assuming  that  the 


71 

ratio  between  the  theoretical  and  actual  capacity  of  the' basin  was  the 
same  as  between  the  theoretical  and  actual  widths  at  the  springing  line. 
The  result  thus  obtained  was  practically  identical  with  the  other.  The 
length  of  the  basin  was  a  well -checked  distance. 

The  height  that  the  water  rose  was  taken  by  three  observers  with  in- 
dependent apparatus. 

The  last  thing  considered  was  the  possibility  of  absorption  of  water 
by  the  brick- work.  The  basin  was  below  the  level  of  the  water  in  the 
ground  for  from  90  to  95  per  cent,  of  its  length,  and  water  percolating 
into  the  conduit  trickled  down  its  sides  ;  for  the  remainder  of  the  length 
it  was  thought  that  bricks  would  remain  nearly  saturated  by  absorbing 
water  from  the  damp  air  of  the  conduit,  and  by  being  soaked  each  time 
the  basin  was  filled.  In  some  cases  the  bricks  were  soaked  by  water 
standing  at  the  high  level  in  the  basin  but  a  few  hours  before  an  experi- 
ment, while  at  other  times  the  water  was  drawn  down  a  day  or  two  in 
advance  ;  yet  it  occasioned  no  perceptible  difference  in  the  results.  To 
obtain  some  idea  of  the  error  which  might  be  due  to  this  absorption,  the 
following  experiment  was  made  : 

A  brick,  which  had  previously  been  thoroughly  dried,  when  im- 
mersed in  water,  absorbed  12  per  cent,  of  its  volume.  After  being  taken 
out  of  the  water  it  was  left  standing  upon  end  in  a  damp  place  for  24 
hours,  when  it  was  again  immersed,  and  it  absorbed  1^  per  cent,  of 
water.  Using  the  percentage  last  obtained  as  a  basis,  it  has  been  found 
that  the  absorption  of  water  by  the.  brick-work  was  not  a  sufficiently  im- 
portant factor  to  affect  the  results  appreciably. 

The  study  of  the  capacity  of  the  basin  has  been  thus  described  in 
detail  because  it  seemed  the  most  probable  place  to  look  for  an  import- 
ant error  affecting  all  of  the  experiments. 

Velocity  or  Approach. 

On  account  of  the  peculiar  form  of  the  channel  it  was  uncertain 
whether  or  not  the  water  surface  would  be  level  in  different  parts  of  its 
width,  and  for  this  reason  it  was  thought  advisable  to  take  the  head  on 
the  weir  from  four  points,  each  being  nearly  in  the  middle  of  a  fourth 
part  of  this  width.  The  piezometers  (described  on  page  63)  were  de- 
signed to  measure  the  head  at  these  points  without  being  affected  by  the 
velocity  of  the  water  passing  the  orifices,  and  it  was  consequently  neces- 
sary that  the  steel  plates  should  be  parallel  with  the  current. 
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To  accomplish  this  result  a  hook-gauge  was  put  in  communication 
with  a  single^,  piezometer,  and  the  head  on  the  weir  was  taken  alternately 
at  each  orifice  while  the  other  was  closed.  If  the  head  taken  at  one  ori- 
fice exceeded  that  taken  at  the  other,  it  was  evident  that  the  plate  con- 
taining the  former  faced  the  current  somewhat,  as  the  difference  in  heads 
at  the  two  orifices  was  the  sum  of  the  increased  head  and  of  the  suction 
due  to  the  velocity  of  the  water.  From  data  furnished  by  several  trials 
of  this  kind,  each  piezometer  was  adjusted  so  that  its  two  orifices  fur- 
nished approximately  the  same  head.  The  adjustment  was  rather  a 
tedious  operation,  and  great  accuracy  was  not  attempted,  as  the  direction 
of  the  currents  was  liable  to  vary  with  the  depths  on  the  weir,  and  be- 
cause the  construction  of  the  piezometers  was  such  that  suction  at  one 
orifice  was  compensated  to  a  large  extent  by  the  increased  pressure  at 
the  other. 

The  following  table  shows  a  series  of  measurements  made  after  the 
final  adjustment  of  the  piezometers  : 


Depths  on  the  Weir. 

North  gauge — All  orifices  open 

1.3046  feet. 

"          "       North  piezometer,  north  orifice 

1.3024  feet. 

"          "             "               "           south       " 

1.3021   " 

"          "       South           "           north       "      

1.3100  " 

"          "            '♦               "           south      "      

1.3077    " 

Average  of  heads  taken  separately 

South  gauge — All  orifices  open 

1.3055 feet. 
1.3041  feet. 

"          "         South  piezometer,  south  orifice 

1.3054  feet. 

"          "             "               "           north      "      

1.3007    " 

"          "         North           "           south      " 

"          •'             "               "            north      "      

1.3089    •• 
1.3074    •• 

Average  of  heads  taken  separately 

1.3056  feet. 

Mean  velocity  of  approach,  0.63  feet  per  second. 
Theoretical  head  due  to  mean  velocity,  0.0062  feet. 


On  account  of  the  short  distance  between  the  screens  and  the  weir,  it 
was  known  that  the  shape  of  the  angle  of  pressure  near  the  weir  would 
be  modified.     To  ascertain  the  excess  of  head  within  the  angle,  simulta- 
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neous  measurements  were  taken  of  the  head  within  it,  and  at  the  orifices 
6  feet  from  the  weir. 

Table  XVI.  shows  the  results  of  these  measurements. 

TABLE  XVI. 

Measurements  showing  the  Excess  of  Head  taken  in  the  ANGiiE 
NEAR  the  Weir,  as  Compared  with  the  Head  taken  6  Feet  from 
the  Weir. 


1 

S 

3 

4 

5 

6 

7 

8 

9 

amber  of  the  Experi- 
ment. 

s 

Pi 

ead  on  the  Weir  taken 
at  the  Orifices  6  feet 
from  the  Weir. 

ead  on  the  Weir  taken 
by  Perforated  Pipe  in 
the    Angle    near    the 
Weir. 

xcess  of  Head  taken 
in  the  Angle. 

Cm 

o 

>>  . 

^^ 

o  o 

O  cS 

ft 

^^ 
1 

leoretical  Head  due  to 
the  Mean  "Velocity  of 
Approach,     (h) 

42 

a 

o 
"3 

0) 

Remarks. 

» 

W 

Feet. 

Feet. 

Ft.persec. 

H 

U 

1879. 

Feet. 

Feet. 

1 

Nov.   22.. 

0.9918 

0.9996 

0.0078 

0.436 

0.00296 

2.64] 

Piezometers  6 
feet  from  weir 

2 

0.8248 

0.8290 

0.0042 

0.338 

0.00178 

2.36 

approximately 
adjusted. 

3 

1880. 

1.1606 

1 . 1720 

0.0114 

0.540 

0.00453 

2.52  1 

1 

\ 

Piezometers  fi- 
nally adjust- 
ed. 

4 

April    9.. 

1.6093 

1.6367 

0.0274 

0.842 

0.01102 

2.49J 

The  results  as  given  in  column  8  show  that  the  excess  of  head  within 
the  angle  is  'practically  constant,  and  equals  2  J  times  the  theoretical 
head  due  to  the  mean  velocity  of  approach.  This  large  excess  may  be 
due  in  part  to  the  fact  that  the  head  taken  outside  of  the  angle  could  not 
be  taken  sufficiently  far  from  the  weir  to  be  above  the  point  where, 
under  normal  conditions,  the  surface  curvature  would  begin. 

The  difiference  between  the  heads  in  the  two  halves  of  the  channel 
was  from  two  to  three  times  as  great  when  taken  within  the  angle,  as 
when  taken  at  the  piezometers  6  feet  from  the  weir. 

The  distribution  of  velocities  in  different  parts  of  the  channel  was 
measured  with  a  current  meter  in  a  vertical  plane  5  feet  from  the  weir. 
Mean  velocities  at  different  heights  above  the  bottom  of  the  channel  were 
obtained  by  holding  the  current  meter  at  a  constant  level,  and  moving 
it  slowly  at  a  uniform  rate  from  one  side  of  the  channel  to  the  other. 
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Mean  velocities  in  vertical  lines  at  different  distances  from  the  sides 
of  the  channel  were  obtained  in  a  similar  manner,  and  are  also  recorded 
in  Table  XVII. 


TABLE  XVII. 

Velocities  in  Channel  of  Approach  5  Feet  from  Weir. 


Height 
above  Bot- 
tom of 
Channel. 

Mean  Velocity  of 

Approach  at  the 

Height  given  in 

the  Previous 

Column. 

Distance 

from 
South  side 

of 
Channel. 

Mean  Velocity  of 

Approach  at  the 

Distance  given 

in  the  Previous 

Column. 

Distance 

from 

North  side 

of 

Channel. 

Mean  Velocity  of 

Approach  at  the 

Distance  given 

in  the  Previous 

Column. 

Feet. 

Feet  per  sec. 

Feet. 

Feet  per  sec. 

Feet. 

Feet  per  sec. 

7.7 

0.713 

0.5 

0.608 

0.5 

0.666 

6.7 

0.720 

1.5 

0.563 

1.5 

0.669 

5.7 

0.632 

2.5 

0.596 

2.5 

0.593 

4.7 

0.643 

3.5 

0.579 

3.5 

0.529 

3.7 

0.672 

4.5 

0.566 

4.5 

0.566 

2.7 

0.5:2 

5.5 

0.580 

5.5 

0.577 

1.7 

0.643 

6.5 

0.601 

6.5 

0.614 

0.7 

0.394 

7.5 

0.714 

7.5 

0.708 

8.5 

0.806 

8.5 

0.789 

Middle 

of  Channel. 

.... 

9.5 

0.928 



Mean  depth  on  the  weir 1 .  304  feet. 

Mean  velocity  of  approach  by  weir  measurement.   0.63   feet  per  sec. 

The  results  as  given  in  the  table  are  thought  to  be  quite  satisfactory 
considering  the  short  distance  which  was  available  for  regulating  the 
velocities.  It  will  be  observed  that  the  maximum  velocity  was  in  the 
middle  of  the  channel  directly  in  front  of  the  stone  pier. 

Bubbles  of  air,  caused  by  the  rush  of  water  immediately  below  the 
gates,  came  through  the  screens,  and  with  the  larger  velocities  some  of 
them  passed  the  piezometers  before  rising  to  the  surface  ;  these  bubbles 
may  have  had  a  slight  effect  upon  the  curvature  of  the  sheet,  and  conse- 
quently upon  the  correction  of  the  depth  on  the  weir  for  velocity  of 
approach. 
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A  swelling  of  the  sheet  occurred  at  the  ends  of  the  weir  ;  adjoining  it 
was  a  depression  of  nearly  equal  extent ;  the  effect  noticed  is  caused  by 
water  which  enters  the  angle  of  pressure  where  the  velocity  of  approach 
is  greatest,  and  finds  its  way  to  the  surface  at  the  ends  of  the  weir  in  the 
manner  described  on  page  43.  It  is  not  known  to  what  extent  this 
affects  the  discharge. 

From  the  various  statements  made  concerning  the  abnormal  condi- 
tions existing  in  the  channel  of  approach,  it  will  be  seen  that  they  were 
sufficient  to  render  doubtful  the  applicability  of  any  known  formula  for 
velocity  of  approach.  There  were  several  indications  that  this  correc- 
tion should  be  larger  than  it  would  be  under  normal  conditions,  but 
nothing  indicated  the  extent  of  this  increase,  consequently  the  correction 
used  was,  as  we  have  already  stated  on  page  68,  the  one  which  seemed 
best  suited  to  the  experiments  themselves. 

This  correction  was  found  to  be  furnished  by  the  formula  c  =  2.4  7^, 
and  is  larger  than  that  obtained  from  the  regular  formula  given  on  page 
12  by  very  nearly  the  theoretical  head  due  to  the  mean  velocity  of 
approach.  Although  this  is  a  large  difference  in  the  formula  for  velocity 
of  approach,  yet  its  effect  upon  the  co-efficient  in  the  weir  formula  is  but 
one  per  cent,  with  the  largest  depth  on  the  weir  and  rr  of  one  per  cent, 
with  the  smallest  depth. 

It  seems  improbable  that  the  error  due  to  velocity  of  approach 
exceeds  the  percentages  here  given  ;  such  an  error  is  far  from  being 
sufficient  to  explain  the  difference  between  the  formula  deduced  from 
the  experiments  on  the  weir  5  feet  long  and  on  the  weir  19  feet  long,  and 
some  other  reason  must  exist  for  the  discrepancy ;  but  a  careful  study 
of  all  the  quantities  entering  into  the  computations,  and  of  all  known 
circumstances  affecting  the  discharge,  failed  to  reveal  in  either  case  a 
cause  for  any  important  inaccuracy  in  the  results,  yet  it  is  evident  from 
the  difference  in  the  formulae,  that  there  was,  in  one  or  both  series,  some 
nearly  constant  error,  or  some  important  cause  affecting  the  flow  over 
weirs,  which  remains  unknown.  Notwithstanding  the  differences  found 
between  the  two  series  of  experiments,  they  agree  closely  enough  to  fur- 
nish a  basis  for  what  would  be  termed  an  accurate  hydraulic  formula, 
but  in  view  of  the  very  accurate  experiments  made  by  Mr.  Francis,  we 
consider  that  the  experiments  with  depths  on  the  weir  smaller  than  those 
used  by  him  are  the  ones  having  the  chief  practical  value. 
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The  formula  already  given  for  the  small  weir  Q  =  S.3SL  H  -f  0.0065  L 
could  be  used  for  these  smaller  depths,  but  as  it  would  be  inconvenient 
to  use  two  different  formulae  (one  for  small  depths  and  one  for  large 
depths  on  the  weir),  especially  in  view  of  the  fact  that  they  would  give 
different  results  for  depths  which  are  common  to  both  series  of  experi- 
ments, a  general  formula  was  sought  which  would  cover  all  depths  with- 
in experimental  limits. 

In  establishing  this  formula  we  made  use  of  the  data  furnished  by  the 
experiments  of  Mr.  Francis,  using  in  their  computation  the  additional 
knowledge  in  regard  to  the  efifect  of  velocity  of  approach  furnished  by 
our  investigations  of  that  subject. 

The  experiments*  of  Mr.  Francis,  which  we  propose  to  review,  con- 
sist of  many  measurements  of  the  discharge,  with  each  of  six  diverse 
forms  of  apparatus,  but  so  far  as  velocity  of  approach  is  concerned,  they 
may  be  divided  into  two  classes,  viz. :  those  made  upon  weirs  with  and 
without  end  contractions. 

The  use  of  our  formulae  for  velocity  of  approach  being  limited  by  cer- 
tain conditions,  as  given  on  page  51,  it  becomes  necessary  to  examine 
the  conditions  which  existed  during  these  experiments,  in  order  to  test 
the  applicability  of  these  formulae  to  them. 

In  the  case  of  the  weir  with  end  contractions,  it  is  found  that  the 
channel  of  approach  is  not  a  '*  straight  channel  of  uniform  section,"  but 
varies  from  it  chiefly  by  widening  abruptly  from  about  12  feet  to  13.96 
feet,  a  little  more  than  6  feet  from  the  weir.  This  widening,  by  permit- 
ting the  formation  of  eddies,  may  have  modified  the  excess  of  head  in 
the  angle  of  pressure,  and  otherwise  affected  the  application  of  our 
formula. 

The  bottom  of  the  channel  inclined  gradually  upward  toward  the 
weir,  but  this  fact  seems  to  have  less  importance. 

It  is  not  certain  that  the  conditions  relating  to  the  place  and  manner 
of  taking  the  head  were  fully  complied  with.  Since  this  examination  of 
the  conditions  existing  during  these  experiments  shows  that  we  would 
not  be  justified  in  applying  our  own  formulae,  it  is  fortunate  that  a 
datum  for  making  the  correction  for  velocity  of  approach  may  be  sup- 
plied from  certain  of  the  experiments  now  under  consideration. 

The  datum  referred  to  is  obtained  by  comparing  certain  series  of  ex- 

*  Lowell  Hydraulic  Experiments,  page  103,  et  seq. 


periments*  which  correspond  with  each  other  in  every  important 
particular  except  in  the  depth  of  the  channel  of  approach. 

In  determining  the  correction  for  velocity  of  approach  from  the  com- 
parison of  two  experiments  in  which  the  depth  of  the  channel  of  approach 
is  the  only  important  variable,  it  may  be  assumed  without  much  error 
that  the  co-eflScients  in  the  formula  for  discharge  ( Q  =  cLHi )  and  in  the 
formula  for  velocity  of  approach  (C  =  ch)  are  constant; 

Calculations  made  upon  this  basis,  by  comparing  Series  3  with  Series 
5  (see  Table  XVIII.,  page  79),  in  which  the  mean  depth  on  the  weir  is 
about  1.03  feet,  gave  lAlh  as  the  height  to  be  used  for  the  correction  for 
velocity  of  approach. 

A  similar  comparison  between  Series  8  and  9,  with  a  mean  depth  on 
the  weir  of  0.82  feet,  gave  1.33  h,  and  between  Series  11  and  12,  with  a 
mean  depth  on  the  weir  of  0.64  feet,  0.89  h. 

The  variation  in  the  results  found  does  not  seem  to  be  the  result  of 
any  law,  but  rather  of  the  inherent  difficulty  of  measuring  within  a 
small  percentage  the  minute  quantities  which  represent  the  effect  of 
velocity  of  approach. 

For  this  reason  an  average  of  the  results  has  been  taken  for  our  use, 
but  in  making  this  average  each  of  the  co-efficients  was  allowed  weight 
in  proportion  to  the  size  of  the  small  quantities  referred  to. 

By  this  method  the  average  correction  was  found  to  be  1.35  h,  which 
will  be  used  in  computing,  the  experiments  upon  the  weirs  with  end  con- 
tractions. 

In  the  case  of  the  weir  without  end  contractions  the  sides  of  the 
channel  were  straight,  and  its  section  was  uniform,  except  for  the  change 
due  to  the  inclination  of  the  bottom,  which  has  little  importance. 

Pipes  ending  at  the  bottom  of  the  channel,  6  feet  from  the  weir,  were 
used  for  taking  the  head  upon  the  weir  in  nearly  every  experiment,  as 
may  be  seen  by  comparing  the  time  of  the  experiments  given  in  Table 
XII  r.  with  that  given  in  Tables  XVII.  or  XVIII.  f 

By  this  method  the  head  was  probably  taken  within  the  angle  of 
pressure,  though  not  where  the  pressure  was  greatest.  As  a  result  of 
this  examination  of  the  conditions  existing  at  this  form  of  weir,  it  is 
found  that  our  formula  for  velocity  of  approach  might  be  applied  if  we 


*  These  experiments  are  given  in  a  condensed    form   in  Table  XVIII.,  page  79  ;  their 
details  being  given  in  Lowell  Hydraulic  Experiments,  Table  XIII.,  pp.  122-125. 

t  The  tables  referred  to  may  be  found  in  Lowell  Hydraulic  Experiments,  pp.  122-140-142 . 
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could  determine  a  correction  for  the  difference  between  the  heads  taken 
and  the  heads  existing  outside  of  the  angle  of  pressure.  Some  experi- 
ments are  recorded  in  Mr.  Francis'  work  bj  which  this  can  be  done. 

From  two  series  of  experiments  given  in  Table  XVIIL,*with  depths 
on  the  weir  of  0,81  and  0.98  feet,  it  was  found  that  the  head  taken 
through  the  pipe  ending  6  feet  from  the  weir  was  greater  than  that  taken 
12  feet  from  the  weir  by  0.40^  and  0.39/i  respectively.  Other  comparisons 
(recorded  on  page  141  of  Lowell  Experiments)  were  made  between  the 
heads  taken  by  the  pipe  6  feet  from  the  weir  and  an  orifice  in  the  side 
of  the  channel  near  the  surface,  the  same  distance  from  the  weir,  and  they 
show  no  practical  difference  between  the  heads  taken  at  the  two  places. 

The  two  methods  of  comparison  seemed  about  equally  good,  and  the 
average  of  the  results  found,  equal  to  0.2  h,  was  used  to  modify  our 
formula. 

From  an  examination  of  the  co- efficients  of  our  formula,  as  given  in 
Table  I.,  page  12,  it  will  be  seen  that  the  co-efficient  1.45  is  the  most  suit- 
able one.  Deducting  0.2  h  on  account  of  the  excess  of  pressure  at  the 
place  where  the  head  was  measured,  there  remains  1.25  A  as  a  correction 
for  velocity  of  approach,  to  be  applied  to  all  of  the  experiments  on  this 
weir  without  end  contractions. 

The  correction  for  the  effect  of  the  end  contraction  was  made,  accord- 
ing to  Mr.  Francis'  rule,  by  deducting  from  the  measured  length  of  the 
weir,  one-tenth  of  the  depth  upon  it  for  each  end  contraction. 

In  a  similar  manner,  in  two  series  of  experiments  in  which  end  con- 
tractions were  suppressed,  but  in  which  the  sheet  was  allowed  to  expand 
immediately  after  passing  the  weir,  a  correction  was  made  for  this  effect 
by  adding  to  the  measured  length  of  the  weir  one-fiftieth  (more  exactly, 
0.021)  of  the  depth  on  the  weir  for  each  end  expansion.  The  amount  of 
this  correction  was  found  by  comparing  Series  6,  in  which  end  expansion 
existed,  with  Series  7,  in  which  it  was  suppressed. 

Table  XVIII. ,  on  the  following  page,  gives  the  results  of  the  experi- 
ments as  calculated  with  the  new  corrections  which  have  just  been 
described.  The  results  are  given  in  series,  each  series  being  the  mean 
of  a  group  of  experiments  made  under  nearly  identical  circumstances. 

Details  of  each  experiment  may  be  found  in  ' '  Lowell  Hydraulic  Ex- 
periments," Table  XIII.,  pages  122-125. 


*  Lowell  Hydraulic  Experiments,  p.  142. 
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Description  of  Table  XVIII. 

The  number  of  the  experiments  given  in  column  2  are  the  same  as 
those  given  in  column  1  of  the  original  table. 

Columns  4  and  5  were  obtained  by  a  direct  average  of  the  quantities 
given  in  columns  7  and  9  of  the  original  table. 

Column  6  was  obtained  by  applying  the  new  corrections  for  the 
velocity  of  approach  to  the  depths  given  in  column  4. 

The  lengths  of  weir  given  in  column  7  were  obtained  by  correcting 
the  lengths  given  in  column  11  of  the  original  table,  in  the  manner  just 
stated. 

The  co-efficients  given  in  column  8  correspond  to  those  given  in  col- 
umn 16  of  the  original  table,  and  were  deduced  from  them  by  making 
the  necessary  modifications  for  the  slight  changes  in  depth  on,  and  length 
of,  the  weirs  occasioned  by  the  new  corrections  for  velocity  of  approach 
and  end  expansions.  This  method  of  recalculating  the  experiments  by 
series  was  adopted  because  it  gave  all  the  results  needed  with  little  labor, 
and  with  almost  exactly  the  same  degree  of  accuracy  as  if  each  experi- 
ment had  been  taken  separately. 

Column  9.  The  formula  Q  =  3.313  L  H^  +  0.006  L  was  selected  to 
represent  the  results  of  these  experiments,  and  from  it  the  values  of  c 
in  the  formula  Q  =  c  L  Hz  have  been  calculated  for  each  series  of  experi- 
ments. 

Column  10,  which  corresponds  to  column  20  of  the  original  table, 
gives  the  proportional  differences  resulting  from  the  comparison  of  col- 
umns 8  and  9,  or,  in  other  words,  the  comparison  between  the  results  of 
the  experiments  and  of  the  formula.  The  average  of  these  proportional 
differences,  signs  being  disregarded,  is  in  this  table  0.0020;  in  the  original 
table  0.0029.  The  comparison  will  be  more  fairly  made,  however,  if 
Series  5,  9,  12  and  6  are  omitted,  since  we  have  used  them  to  obtain  the 
corrections  for  velocity  of  approach  and  end  expansions,  and,  in  conse- 
quence, they  may  agree  more  closely  than  they  otherwise  would.  With 
these  omissions  the  average  of  the  differences  is,  in  this  table  0.0022  ; 
and  in  the  original  table  0.0027. 

These  comparisons  indicate  that  the  use  of  the  larger  correction  for 
velocity  of  approach  in  connection  with  the  new  form  of  weir  formula, 
though  based  upon  experiments  of  our  own,  is  also  in  accordance  with 
the  experiments  of  Mr.  Francis. 

The  results  given  in  the  table  are  also  shown  on  Plate  VI. 
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Curve  *'C"  represents  the  formula  adopted,  and  the  black  circles  in 
its  vicinity  show  the  co-efficients  deduced  from  the  experiments.  The 
figures  attached  to  the  circles  indicate  the  conditions  of  the  experiments, 
and  are  the  same  as  those  given  in  column  3  of  the  table. 

Explanation  of  Plate  VI. 

The  experiments  made  upon  the  weir  19  feet  long  are  shown  by  a 
half -filled  circle,  and  the  formula  Q  =  3.291  L  H  2  -\-  0.004i,  represent- 
ing them,  is  shown  by  the  curve  marked  B. 

The  experiments  made  upon  the  weir  5  feet  long  when  measured  in  the 
"large  basin"  are  shown  by  an  open  circle;  when  measured  in  the  "small 
basin  "  they  are  shown  by  crosses.     The  formula 

q  =  3.33  L  Hi-\-  0.0065  L, 

representing  these  experiments,  is  shown  by  the  curve  marked  A. 

The  experiments  made  by  J.  B.  Francis  upon  various  forms  of  weirs 
are  shown  by  filled  circles,  and  the  figures  accompanying  them  indicate 
the  condition  of  the  weirs  used,  as  per  the  following  schedule,  corre- 
sponding to  the  foot-note  on  Table  XYIII. 

Weir  with  2  end  contractions  and  deep  channel 1 

"      without  end  contractions  or  expansion  with  deep  channel 2 

"  "         "  "  with  end  expansion  and  deep  channel..  3 

"     Avith  2       "  "  and  shallow  channel 4 

"    4       "  "  "     deep  "       . .  .\ 5 

'•    4       "  "  "     shallow  .  "       6 

The  formula  §  =  3.313  Zi/ 2^ -f-- 0.006  L,  representing  these  experi- 
ments, is  shown  by  the  curve  marked   G. 

The  formula  §  =  3.31  i  ^1  -f-  0.007  L,  finally  adopted,  is  shown  by 
the  broken  line  marked  D. 
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THE  FINAL  FORMULA. 

Thus  far  we  have  presented  three  different  formuhe  for  the  discharge 
of  water  over  weirs,  as  follows  : 

Formula  deduced  from  experiments  upon  weir  5  feet  long, 

q  =  3.33  L  7/24-  0.0065  L. 
Formula  deduced  from  experiments  upon  weir  19  feet  long, 

Q  =  3.291  L  H^  -f  0.004  X. 
Formula  deduced  from  Mr.  Francis'  experiments, 

§-.  3.313  Zi7§  + 0.006  Z. 
From  an  examination  of  all  these  results,  the  formula 

Q  =  3.31  L  H^  +  0.007  L 

was  finally  adopted  to  represent  the  discharge  over  a  weir  unaffected  by 
end  contractions  or  velocity  of  approach  ;  if  these  conditions  exist,  the 
corrections  for  them  must  be  made  separately. 

This  formula  is  represented  by  the  curve  "D"  on  Plate  YL,  where 
its  comparison  with  the  different  series  of  experiments  may  be  seen  ;  it 
agrees  closely  with  the  results  of  Mr.  Francis'  experiments;  is  about  f  of 
one  per  cent,  larger  than  the  formula  for  the  large  weir,  and  is  about  1^0 
of  one  per  cent,  smaller  than  the  formula"  for  the  small  weir  when  the 
depth  is  0,8  feet.  For  the  small  depths  it  is  based  almost  entirely  upon 
the  experiments  made  with  the  small  weir,  5  feet  long.  In  view  of  the 
rapid  increase  of  the  co-efficients  with  the  smaller  depths,  it  was  thought 
to  be  very  desirable  to  check  our  results  by  the  experiments  of  others, 
and  some  of  those  on  record  were  examined  for  this  purpose. 

Mr.  Francis  has  recorded  a  series  of  experiments*  in  which  the  dis- 
charge of  a  constant  volume  of  water  over  weirs  of  different  lengths  was 
compared. 

From  this  series  five  cases  are  selected  in  which  the  discharge  was 
least  influenced  by  end  contractions;  in  each  case,  assuming  the  co- 
efficient calculated  from  our  final  formula  to  be  correct  for  the  larger 
depth,  the  co-efficient  for  the  smaller  depth  was  calculated  from  the  ex- 
periment. 

The  correction  for  end  contractions  was  made  by  Mr.  Francis'  rule. 
The  results  are  given  in  the  following  table  : 


*  Lowell  Hydraulic  Experiments,  page  88. 


PLATE  VI. 

DIAGRAM    SHOWING   EXPERIMENTS  ON  THE  DISCHARGE    OF 
WATER    OVER    SHARP    CRESTED   WEIRS. 
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Coefficient  in  the  foi^nula    Q  =CLH? 
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TABLE  XIX. 


1 

ti 

1 

3 

4 

5 

Mean  Di-pt]i  on 

the 
Shorter  Weir. 

Value  of  c  in  tlie 
formula 

Calculated  from 
the  formula 

Q=-3.31  LII^  -]- 
0.007  L. 

Mean  Depth  on 

the 

Longer  Weir. 

Value  of  c  in  the 
formula 

Calculated  from 
the  formula 

e  =  3.31  LHI   , 
0.007  L. 

3.3426 

Co-efficient 

deduced  from 

the  Experiment 

made  by 

Mr.  Francis. 

Feet. 
0.  6554 

3.3232 

Feet. 
0.3584 

3.3463 

0.4715 

3.3316 

0.2917 

3.3544 

3.3588 

0.468] 

3.3319 

0.2552 

3.3643 

3.3804 

0.3745 

3.3405 

0.2339 

3.3719 

3.3693 

0.4936 

3.3302 

1 

0.2282 

3.3744 

3.3797 

A  comparison  of  columns  2  and  4  shows  the  increase  of  co-efficients 
with  smaller  depths  as  given  by  our  formula;  a  comparison  of  columns  2 
and  5  the  increase  as  given  by  the  experiments  of  Mr.  Francis. 

Although  the  results  agree  quite  nearly,  it  may  be  noticed  that  the 
experiments  show  a  somewhat  more  rapid  increase  than  the  formula. 

An  examination  of  some  of  the  older  experiments  on  record  indicated 
that  a  comparison  with  them  would  have  much  less  value,  as  they  were 
generally  made  upon  short  weirs  having  end  contractions  and  with  ap- 
paratus less  perfect  than  those  used  at  the  present  day.  We  did  not 
make  any  extended  comparisons  with  these  experiments,  in  view  of  the 
fact  that  they  have  been  examined  by  Gen.  T.  G.  Ellis,  M.  Am.  Soc.  C.  E. , 
who  writes  concerning  them  as  follows* :  "A  comparison  was  made  be- 
tween Francis'  formula  and  the  results  of  experiments  by  Poncelet  and 
Lesbros  and  other  observers,  taken  with  smaller  heads  to  ascertain  their 
differences. "  "The  discharge  was  in  all  cases  greater  with  the  lower 
heads,  commencing  at  0.25  feet  in  depth  on  the  weir  and  increasing  to  6 
per  cent,  more  than  the  amount  given  by  Francis'  formula  when  the 
depth  on  the  weir  was  0.09  feet." 

This  agrees  quite  well  with  our  formula,  which  gives  7  per  cent,  more 
than  Mr.  Francis'  formula  at  the  latter  depth  on  the  weir . 


*Descriptiou  and  Results  of  Hydraulic  Experiments    with  large  Apertures,  at  Holyoke, 
Mass.     Transactions  of  the  Society,  Feb.,  187C,  page  47. 
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The  formula  Q  =  S.31  L  H2 +0  007  L,  which  we  have  finally  adopted, 
is  based  upon  experiments  in  which  the  depths  on  the  weir  ranged  from 
0.07  to  1.63  feet. 

The  former  depth  we  would  consider  the  smallest  to  which  the 
formula  would  apply;  but  in  view  of  the  marked  degree  of  constancy  in 
the  co-efficients  with  the  larger  depths,  there  seems  to  be  no  reason  to 
doubt  that  it  would  apply  to  as  large  depths  on  the  weir  as  could  be 
properly  corrected  for  the  effect  of  velocity  of  approach. 

There  are  reasons  for  thinking  that  the  increase  in  the  co- efficients 
with  the  smaller  depths  may  be  largely  due  to  the  modification  of  the 
bottom  contraction  of  the  sheet,  caused  by  the  cohesion  of  the  water  and 
by  its  adhesion  to  the  up-stream  face  and  edge  of  the  weir.  If  this  is  the 
case,  the  co-efficients  for  the  smaller  depths  may  vary  with  the  tempera- 
ture of  the  water,  which  affects  its  cohesion,  and  the  adhesion  may  vary 
with  the  material  of  which  the  crest  of  the  weir  is  made,  although  some 
experiments*  made  by  Hagen  indicate  that  it  would  not. 

The  experiments  referred  to  showed  that  water  adhered  to  a  dead 
polished  brass  surface  and  to  surfaces  of  box  wood,  slate  and  glass  with 
equal  force. 

For  the  reasons  given  above,  as  well  as  for  the  more  obvious  one, 
that  errors  due  to  the  influence  of  wind  and  to  the  measurement  of  the 
depth  on  the  weir  are  proportionately  greater  with  the  smaller  depths, 
it  is  desirable  to  maintain  a  larger  depth  by  shortening  the  weir. 

The  variations  of  the  results  of  our  formula  ^  =  3.31  L  77^4-0.007  Z, 
from  the  results  of  Mr.  Francis,  may  be  seen  by  reference  to  Table  XX. 

*The  Mechanics  of  Engineering,  by  Julius  Weisbach,  Vol.  I.     Translated  by  Eckley  B. 
Coxe,  page  770. 
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TABLE  XX. 

Percentage  Variation  of  the  Formula  Q  =  3/dl  L  H  f  -(-  0.007  L, 
FROM  THE  Formula  Q  =  S.SS  L  H^  when  there  is  no  Velocity  of 
Approach. 


Depth  on  the  Weir. 

Perceutage  Variation    from  Mr. 
Francis'  Formula. 

Feet. 

Per  Cent. 

Infinite. 

0.6  less. 

1.634 

0.5      " 

0.497 

0.0 

0.258 

1.0  more. 

0.187 

2.0       " 

0.150 

3.0       - 

0.128 

4.0       *' 

0.112 

5.0       - 

0.100 

6.0       *« 

0.091 

7.0       ** 

0.084 

8.0       " 

This  table  shows  that  above  six  inches,  which  is  the  smallest  depth 
to  which  Mr.  Francis  considers  his  formula  applicable,  the  variation 
does  not  exceed  0.0  of  one  per  cent,  when  there  is  no  velocity  of  ap- 
proach. If,  however,  the  two  formulae  are  compared  in  connection  with 
their  respective  corrections  for  the  effect  of  velocity  of  approach,  which 
always  occurs  in  practice,  it  is  found  that  with  small  velocities  of  ap- 
proach their  results  are  nearly  identical.  With  great  velocities  the 
formula  Q  =  3.31  L  H  -^  -\-  0.007  L  gives  the  larger  results. 
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EXPEEIMENTS  UPON  THE  FLOW  OF  WATER  OVER 
WEIRS  WITH  WIDE  CRESTS. 

In  Marcli,  1877,  while  one  of  the  weirs  already  described  was  in  the 
Sudbury  River  Conduit,  some  observations  were  taken  of  the  flow  of 
water  over  crests  4  inches  and  6  inches  in  width,  for  the  original  pur- 
pose of  testing  the  accuracy  of  measurements  previously  made  in  connec- 
tion with  the  water  supply  of  Boston,  over  flash-boards  and  stop-planks 
of  the  same  thickness. 

These  observations  were  subsequently  extended  to  a  series  of  experi- 
ments with  crests  from  2  inches  to  10  inches  in  width. 

The  apparatus  used  is,  with  a  few  exceptions,  that  shown  upon  Plate 
I.,  and  already  described  upon  pages  52  to  53. 

The  principal  differences  were  in  the  length  of  the  channel,  which  was 
but  6  feet  in  this  case,  and  the  crest  of  the  weir,  instead  of  steel,  was  of 
hard  pine,  with  the  upper  edge  as  sharp  as  practicable. 

Fig.  5  shows  a  section  of  the  weir  upon  a  large  scale.  The  dotted 
lines  show  the  crest  widened  to  six  inches. 

The  piece  used  to  widen  the  crest  could  be  easily  attached  or  de- 
tached from  the  weir.  When  slid  into  place,  it  was  drawn  into  close 
contact  with  the  weir  by  fastenings  at  five  points  in  its  length.  The 
outer  edge  was  supported  upon  wedges  by  means  of  which  its  height 
could  be  adjusted  until  a  spirit  level  showed  the  crest  to  be  horizontal. 

Other  widths  of  crest  were  obtained  in  a  similar  manner. 

The  experiments  were  made  by  running  a  constant  volume  of  water 
over  the  sharp-crested  weir,  and  then  over  the  same  weir  after  the  crest 
had  been  widened.  The  difference  in  the  depth  on  the  weir  caused  by 
the  widening  was  noted.  The  depth  on  the  sharp-crested  weir  was 
generally  measured  before  and  after  an  observatien  on  a  wide  crest,  but 
sometimes  the  depths  on  two  of  the  wide  crests  were  taken  in  succession. 

The  widths  of  the  crests  were  measured  at  five  points  in  their  length, 
about  twice  in  a  week,  to  detect  changes  due  to  the  swelling  of  the  wood. 

The  result  sought  was  to  find  a  law  by  which  the  depth  on  a  wide 
crest  could  be  corrected  so  as  to  allow  the  use  of  the  ordinary  formulae 
for  sharp-crested  weirs.  Each  experiment  furnished  a  correction  such  as 
was  desired  by  merely  subtracting  the  depth  on  the  wide  crest  from  the 
depth  on  the  sharp  crest. 
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The  results  of  the  experiments  were  plotted,  using  the  corrections  so 
obtained  for  each  wide  crest  as  abscissse  and  the  measured  depths  on 
the  crest  as  ordinates, 

Plate  VII.  is  a  plot  of  the  experiments  on  the  4-inch  crest  reduced  in 
size  from  the  original ;  the  corrections  are  plotted  at  five  times  their  true 
size.     This  plot  is  typical  of  all  of  the  others. 

From  an  examination  of  the  diagram  it  may  be  seen  that  there  is  a 
depth  on  the  weir  at  which  no  correction  is  necessary  ;  below  this  depth 
the  correction  is  minus,  i.  e. ,  the  depth  on  the  wide  crest  is  the  greater 
one,  and  above  it  the  correction  is  plus. 

The  curve  represented  by  a  dotted  line  is  a  hyperbola  of  a  form  which 
was  found  to  agree  closely  with  the  experiments  upon  all  of  the  crests. 

The  principal  features  of  the  hyperbola  are  as  follows  : 

Its  vertex  at  Z),  has  an  abscissa  C,  D,  equal  to  0.0942  w  {w  being  the 

width  of  the  crest),  and  an  ordinate  A,  C,  equal  to  0.807  w.     Its  axis  is 

parallel  with  the  axis  of  abscisste.     The  depth  A,  B,  at  which  there|is 

no  correction,  is  twice  A,   G,  and  e(iuals  1.614  w.       Transforming  the 

equation  of  the  hyperbola  so  as  to  make  the  required  correction  the  first 

term,  we  have  the  following  general  formula  for  correcting  the  depth  on 

a  wide  crest : 

(7^0.2016  /^-^  0.2146  id^—  0.1876  w, 
in  which, 

C  is  a  correction  to  be  added,  algebraically,  to  the  depth  on  the  wide 
crest  to  obtain  the  depth  on  a  sharp  crest  which  will  pass  an  equal 
volume  of  water. 

w  is  the  width  of  the  crest. 

y  is  the  difiference  between  0.807  w  and  the  depth  on  the  crest. 

By  referring  to  the  diagram  it  will  be  seen  that  the  dotted  line  repre- 
senting the  formula  does  not  agree  exactly  with  the  experiments,  and 
upon  comparing  the  plots  of  the  different  crests,  similar  small  disagree- 
ments were  found  which  followed  somewhat  regular  laws. 

It  was  not  thought  best  to  make  the  formula  more  complicated  in 
order  to  follow  the  small  deviations  from  the  hyperbola,  since  the  error 
in  the  discharge  caused  by  neglecting  them  is  generally  but  a  small  frac- 
tion of  one  per  cent. 

They  have,  however,  been  tabulated  as'  shown  on  page  88,  and  the 
secondary  correction  there  given  may  be  used  in  addition  to  the  correc- 
tion given  by  the  main  formula  when  the  most  accurate  results  are 
desired. 
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TABLE  XXL 

Secondary  Corrections   to  be   added  Algebraically  to  the  Value  of  C  as 
Found  by  the  Formula  (?  =  0.2016-v/.v-  +  0.2146  mj"  —  0.1876  w. 


Width  of 
CreBt. 

Depth  on 

Wide  Crest. 

Depth 
=0.3  w. 

Depth 
=  0.6  w. 

Feet. 

Depth 
=  0.9  w. 

Depth 

=  1.2  MJ. 

Feet. 

Depth 
=  1.5  w. 

Depth 
=  1.8  m;. 

Inches. 

Feet. 

Feet. 

Feet. 

Feet. 

1 

—  .0010 

—  .0016 

—  .0016 

-.0014 

—  .0015 

—  0006 

2 

-.0015 

—  .0021 

—  .0012 

.  0009 

--.0010 

—  .0001 

3 

—  .0017 

—  .0020 

—  .0004 

.  0004 

—  .0005 

+  .0004 

4 

—  .0012 

—  .0010 

+  .0004 

+  .0002 

.0000 

+  .0009 

5 

—  .0006 

+  .0003 

-t-.0012 

1  . 0009 

+  .0006 

+  .0015 

6 

.0001 

+  .0012 

+  .001i> 

I  .0016 

l-.OOll 

+  .0020 

7 

+  .0002 

+  .0015 

+  .0024 

+  .0022 

+  .0017 

+  .0025 

8 

-f  .0004 

+  .0017' 

+ . 0028 

^.0029 

+  .0022 

+  .0031 

9 

+  .0006 

+  .0018 

+  0031 

+ . 0034 

+  .0027 

)  .0036 

10 

+  .0007 

+  .0019 

+  .0032 

+  .0038 

+  .0032 

1-.0041 

12 

+  .0008 

+  .0020 

+  .0034 

i-.0045 

^ . 0042 

-f-   0052 

18 

+  0010 

+  .0024 

-f . 0040 

|~  .  0057 

]  . 0063 

i  . 0081 

24 

+  .0011 

+ .  002(5 

+  .0044 

-1  .0065 

i  .0077 

-r.0103 

36 

+  .0013 

t  0030 

f . 0050 

1  .0072 

.  .0098 

i-  0128 

Note. — The  broken  lines  repi-esent  the  limits  of  the  (•\p(ri7ii<>nf> 
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DIAGRAM  SHOWINa  THE  RESULTS  OF  EXPERIMENTS  UPON  THE  DISCHARGE 
OVER  A  CREST  4  INCHES  WIDE. 

IJfoTE. — ^Each  circle  shows  the  result  of  an  experiment. 
The  curve  drawn  with  a  broken  line  is  a  hyperbola  and  is  constructed 
from  the  formula 

(7=0.2016V7'+  0.2146W;*— 0.1876w;. 
The  curve  drawn  with  a  full  line  was  obtained  by  modifying  the  hy- 
perbola by  the  secondary  corrections  given  in  Table  XXI. 
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It  was  by  using  this  secondary  correction  that  the  curve  on  the  dia- 
gram, shown  by  a  full  line,  was  drawn. 

The  reasons  why  the  corrections  are  successively  minus,  zero  and 
plus  as  the  depth  on  the  weir  increases,  became  apparent  from  observa- 
tions made  during  the  experiments,  and  are  illustrated  by  Plate  VIII. , 
Figs.  1,  2,  3  and  4. 

Fig.  1  shows  the  well-known  form  of  the  sheet  passing  a  sharp  crested 
weir,  in  which  the  bottom  contraction  causes  the  sheet  to  rise  above  the 
level  of  the  crest  for  a  distance  a  h. 

Fig.  2  shows  the  case  of  the  minus  correction  which  occurs  when 
the  crest  is  wider  than  a  b.  The  dotted  lines  show  the  form  of  the 
sheet  passing  the  sharp  crested  weir  as  given  in  Fig.  1. 

The  bottom  contraction  of  the  flowing  sheet  remains  with  the  wide 
crest  nearly  the  same  as  with  the  sharp  one,  except  that  the  space 
beneath  the  sheet  is  filled  with  water  instead  of  air. 

The  sheet  which  would  pass  between  the  points  b  c,  were  the  crest 
removed,  is  deflected,  and  assumes  the  form  indicated  by  the  full  lines. 
Owing  to  the  retardation  of  the  flow  caused  by  this  deflection,  addi- 
tional depth  on  the  weir  is  required  to  pass  the  same  volume  of  water. 

Fig.  3  shows  the  case  of  the  zero  correction  which  occurs  when  the 
width  of  the  crest  very  nearly  equals  a  b.  In  this  case  the  form  of  the 
sheet  is  not  changed  appreciably,  and  the  discharge  takes  place  under 
nearly  the  same  circumstances  as  over  a  sharp  crest,  except  that  in  the 
case  of  the  wide  crest  there  is  water  between  the  flowing  sheet  and  the 
crest,  while  in  the  case  of  the  sharp  crest  there  is  air  under  all  parts  of 
the  sheet. 

Fig.  4  shows  a  case  in  which  the  crest  is  somewhat  narrower  than 
a  b.  From  such  a  crest  the  sheet  may  be  detached,  as  shown  by  the 
dotted  lines,  or  it  may  be  attached  as  shown  by  the  full  lines.  In  the 
former  case  it  is  evident  that  the  width  of  the  crest  has  no  effect  upon 
the  discharge  ;  the  latter  case  is  the  one  in  which  the  plus  correction 
occurs,  and  it  is  occasioned  in  this  way  :  The  sheet  has  a  tendency  to 
rise  to  its  natural  position  as  shown  by  the  dotted  lines,  but  c  being  the 
only  place,  as  the  apparatus  used  was  arranged,  at  which  air  can  find 
access  to  the  space  between  the  sheet  and  the  crest,  it  will  only  enter 
there  when  the  upward  tendency  of  the  sheet  is  considerable.  If  the 
air  does  not  enter,  a  partial  vacuum  is  created  in  the  space  between  the 
crest  and  the  sheet,  which  diminishes  the  contraction  and  consequently 
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depresses  the  whole  sheet,  thus  requiring  an  addition  to  the  measured 
depth  before  applying  the  general  weir  formula  ;  this  correction,  how- 
ever, is  applicable  only  when  the  water  adheres  to  the  crest. 

The  depth  at  which  the  sheet  becomes  detached  from  the  crest  has 
been  found  by  observation  to  vary  from  1.614  to  1.95  times  its  width. 
Under  ordinary  circumstances,  when  the  condition  of  the  flow  with 
regard  to  the  presence  of  air  under  the  sheet  is  not  observed,  this  correc- 
tion may  be  used  until  the  depth  over  the  weir  is  1.75  times  the  width 
of  the  crest. 

The  results  of  all  of  the  experiments  are  given  in  Table  XXII. 

The  degree  of  accuracy  reached  may  be  seen  from  an  examination  of 
column  7. 

To  sum  uj)  the  results  given  in  this  column,  it  may  be  stated  that  out 
of  92  experiments,  79  showed  diflferences  not  exceeding  0.001  of  a  foot, 
10  showed  differences  varying  from  0.0011  to  0.0035  feet. 

The  three  remaining  ones  were  known  to  be  defective  and  showed 
differences  varvin^r  from  0.0042  to  0.0079  feet. 


TABLE  XXII. 

Experiments  upon  the  Flow  of  Water  over  Weirs  with  Wide  Crests. 


CitEST  2  Inches  Wide. 

1 

a 

•i 

4 

1 
5 

6 

7 

Number  of    the 
Experiment. 

Date  of 

the 

Experiment. 

1877. 

Observed 
Depth  ou  the 
Wide  Crest. 

Correction 

Calculated 

from  the 

Formula  for 

Wide  CrestP, 

Inclndiug 

the  Secondary 

Correction. 

Depth  (^n  the 
Sharp  Crest 
obtained  by 
Correctiu^i 
the  Depth  oh  ' 

the 

Wide  Crest, 

given  in 

Column  3. 

Depth  ou  the 

Sharp  Crest 

afl 

Observed. 

Difference 

of  the 

Calculated 

from  the 

Observed 

Depth  on  the 

Sharp  Crest. 

Feot. 

Feet. 

Feet. 

Feet. 

Feet. 

1 

March    10. 

0.1158 

-     0.0J72 

0.008(5 

0,008(; 

0 . 0000 

2 

« 1         11 

().i:}00 

—  0.0172 

0.1188 

0.11 90 

0.0002 

3 

.  (         ( i 

0.17-22 

0.0140 

0.1573 

0.1572 

.0.0001 

4 

(1         ( • 

0.2047 

—  0.0111 

0.1036 

0 . 1030 

-0.0003 

5 

.. 

0.23()3 

o.ooor, 

0.2208 

0 . 2207 

i   0.0001 

6 

1  (         1 1 

0.2480 

0.0045 

0.2441 

0.2440 

1   0.0001 

7 

(1         1  ( 

,        0.2020 

i 

;  o.oo:v.) 

0.20(55 

0 . 2006 

0.0001 
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TABLE  XXIL— (Continued.) 


Cbest  3  Inches  Wide. 


1 

3 

3 

4 

5 

6 

7 

8         '  March  10 

0.1307 

—  0.0216 

0.1091 

0.1088 

+  0.0003 

9 

'       13 

0.1329 

—  0.0218 

0.1111 

0.1112 

—  0.0001 

10 

9 

0.1621 

--  0.0241 

0.1380 

0.1375 

+  0.0005 

11 

'       14 

0.1974 

—  0.0244 

0.1730 

0.1728 

+  0.0002 

12 

7 

0.2111 

—  0  0240 

0.1871 

0.1882 

—  0.0011 

13 

7 

0.2119 

—  0.0240 

0.1879 

0.1882 

—  0.0003 

14 

'       14 

0.2348 

-  0.0229 

0.2119 

0.2122 

—  0.0003 

15 

8 

0.2694 

-  0.0202 

0.2492 

0.2491 

+  0.0001 

16 

'       12 

0.2978 

0.0169 

0.2809 

0.2810 

—  0.0001 

17 

7 

0.3227 

-  0.0135 

0.3092 

0.3086 

+  0.0006 

18 

8 

0.3512 

-  0.0093 

0.3419 

0.3427 

—  0.0008 

19 

'       14 

0.3561 

-^  0.0085 

0.3476 

0.3480 

—  0.0004 

20 

8 

0.3891 

—  0.0030 

0.3861 

0.3870 

—  0.0009 

21 

'       14 

0.3928 

—  0.0023 

0.3905 

0.3912 

—  0.0007 

22 

'       14 

0.3985 

—  0.0013 

0.3972 

0.3981 

—  0.0009 

23 

'       13 

0.4053 

0.0000 

0.4053 

0.4062  - 

—  0  0009 

24 

•       14 

0.4072 

+  0.0004 

0.4076 

0.4081 

—  0.0005 

25 

'       14 

0.4143 

+  0.0017 

0.4160 

0.4167 

—  0.0007 

20 

'       14 

0.4256 

+  0.0039 

0.4295 

0.4293 

+  0  0002 

27 

'       14 

0.4484 

+  0.0084 

0.4568 

0.4568 

0.0000 

28 

'       14 

0.4619 

+  0.0111 

0.4730 

0.4730 

0.0000 
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TABLE  XXlL—{Co7itiuued.) 


Ceest  4  Inches 

Wide. 

1 

'yS 

3 

4: 

5 

6 

7 

29 

March  10 

0.1318 

—  0.0222 

0.1096 

0.1095 

+  0.0001 

30 

"   13 

0.1331 

-  0.0224 

0.1107 

0.1114 

—  0.0007 

31 

"   14 

0.1368 

-  0.0228 

0.1140 

0.1139 

+  0.0001 

32 

9 

0.1659 

—  0.0263 

0.1396 

0.1390 

+  0.0006 

33 

"   15 

0.1929 

—  0.0289 

0.1640 

0.1642 

—  0.0002 

34 

"   14 

0.2036 

—  0.0297 

0.1739 

0.1741 

--  0.0002 

35 

"   14 

0.2445 

^-  0.0313 

0.2132 

0.2136 

—  0.0004 

36 

"   15 

0.2665 

—  0.0313 

0.2352 

0.2349 

+  0.0003 

37 

8 

0.2814 

—  0.0310 

0.2504 

0.2520 

—  0.0016 

38 

"   12 

0.3124 

—  0.0297 

0.2827 

0.2830 

—  0.0003 

39 

"   14 

0.3745 

0.0245 

0.3500 

0.3504 

—  0.0004 

40 

8 

0.4106 

—  0.0201 

0.3905 

0.3909 

—  0.0004 

41 

'^   13 

0.4273 

—  0.0178 

0.4095 

0.4093 

4-  0.0002 

42 

"   12 

0.4616 

0.0127 

0.4489 

0.4485 

+  0.0004 

43 

9 

0.5034 

0.0059 

0.4975 

0.4983 

—  0.0008 

44 

"   12 

0.5382 

f  0.0002 

0.5384 

0.5369 

+  0.0015 

45 

"   14 

0.5447 

-f  0.0014 

0.5461 

0.5456 

+  0,0005 

46 

"   14 

0.5612 

-+-  0.0045 

0.5657 

0.5650 

+  0.0007 

47 

"   14 

0.5750 

f  0.0072 

0.5822 

0.5815 

+  0.0007 

48 

"   12 

0.5761 

f  0.0074 

0.5835 

0,5828 

+  0.0007 

49 

"   14 

0.5912 

^  0.0103 

0.6015 

0.6012 

+  0.0003 

50 

"   14 

0.6066 

]  0.0133 

0.6199 

0.6198 

4-  0.0001 

51 

"   14 

0.6168 

4-  0.0153 

0.6321 

0.6329 

—  0.0008 

52 

"   14 

0.6368 

+  0.0194 

0.6562 

0.6558 

+  0.0004 

53 

"   14 

0.6484 

+  0.0218 

0.6702 

0.6716 

—  0.0014 
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TABLE  XXU.—{CouHnuecl) 


Crest  (5  Inches  Wide. 


1 

a 

3 

0.1320 

4 

—  0.0220 

5 

6 

7 

54 

March  10 

0.1100 

0.1092 

+  0.0008 

55 

"   13 

0.1349 

—  0.0224 

0.1125 

0.1115 

4-0.0010 

56 

-    9 

0.1666 

—  0.0270 

0.1396 

0.1394 

+  0.0002 

57 

7 

0.2237 

-  0.0343 

0.1894 

0.1896 

—  0.0002 

58 

7 

0.2237 

—  0.0343 

0.1894 

0.1899 

—  0.0005 

59 

8 

0  2928 

—  0.0409 

0.2519 

0.2519 

0.0000 

60 

"   12 

0.3255 

—  0.0431 

0.2824 

0.2832 

—  0.0008 

61 

"   16 

0.3474 

—  0.0442 

0.3032 

.  0.3023 

+  0.0009 

62 

7 

0.3564 

—  0.0446 

0.3118 

0.3121 

—  0.0003 

63   . 

8 

0.3912 

—  0.0453 

0.3459 

0.3456 

+  0.0003 

64 

8 

0.1352 

—  0.0448 

0.3904 

0.3904 

0.0000 

65 

"   12 

0.4913 

—  0  0419 

0.4494 

0.4492 

+  0.0002 

66 

9 

0.5371 

—  0.0381 

0.4990 

0.4984 

+  0.0006 

67 

"   12 

0.5717 

—  0.0344 

0.5373 

0.5373 

0.0000 

68 

"   12 

0.6131 

—  0.0292 

0.5839 

0.5838 

+  0.0001 

69 

"   14 

0.6617 

-0.0225 

0.0392 

0  6386 

+  0.0006 

70 

7 

0.6929 

—  0.0178 

0.6751 

0.6739 

+  0.0012 

71 

"   16 

0.7026 

—  0.0164 

0.6862 

0.6855 

+  0.0007 

72 

•*   16 

0.7440 

—  0.0096 

0.7344 

0.7347 

—  0.0003 

73 

9 

0.7760 

—  0.0042 

0.7718 

0.7716 

+  0.0002 

74 

"   16 

0.7907 

—  0  0017 

0.7890 

0.7892 

—  0.0002 

*75 

"   10 

0.8075 

+  0.0013 

0.8088 

0.8009 

+  0.0079 

*  See  Experiments  91  and  92. 
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TABLE  XXlL  —  (Contimied.) 


Cbest  10  Inches  Wide, 


1 

a 

:i 

4 

—  0.0226 

5 

6 

0.1120 

7 

1 

76 

Marcli  10 

0.1352 

0.1126 

+  0.0006 

77 

"   13 

0.1394 

—  0.0233 

0.1161 

0.1153 

i  -f  0.0008 

78 

9 

0.1712 

0 . 0283 

0.1429 

0.1449 

»  —0.0020 

79 

"   15 

0.2872 

—  0.0455 

0.2417 

0.2422 

—  0.0005 

80 

"   15 

0.3403 

—  0  0525 

0.2878 

0.2877 

+  0.0001 

81 

"   12 

0.3449 

—  0  0531 

0.2918 

0.2924 

—  0.0006 

82 

"   13 

0.4907 

—  0.0684 

0.4223 

0.4224 

—  0.0001 

83 

"   12 

0.5350 

—  0.0716 

0.4634 

0.4634 

0.0000 

84 

9 

0.5861 

—  0.0741 

0.5120 

0.5155 

—  0.0035 

85 

"   12 

0.6307 

-0.0754 

0.5553 

0.5544 

-f  0.0009 

86 

"   12 

0.6794 

—  0.0756 

0.6038 

0.6017 

+  0.0021 

87 

"   14 

0.7323 

—  0.0744 

0.6579 

0.6581 

—  0.0002 

88 

"   16 

0.7776 

—  0.0723 

0.7053 

0.7061 

—  0.0008 

89 

"   16 

0.8222 

—  0.0693 

0.7529 

0.7561 

—  0.0032 

90 

"   16 

0.8752 

-  0.0648 

0  8104 

0.8129 

—  0.0025 

*91 

"   10 

0.8913 

—  0.0632 

0.8281 

0.8239 

+  0.0042 

*92 

"   10 

0.8941 

—  0.0629 

0.8312 

0.8250 

+  0.0062 

*  Experiments  75,  91  and  92  were  made  in  one  series.  A  marked  variation  in 
depths  on  tlie  weir  occurred  from  time  to  time,  caused  probably  by  the  smallness  of  th<> 
opening  into  the  coffer  dam,  perhaps  further  diminished  by  some  floating  ice  or  wood.  A 
second  opening  was  made  before  the  experiments  were  continued. 
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It  may  be  stated  that  although  the  results  given  in  the  table  are  for 
crests  of  even  inches  in. width,  yet  the  experiments  were  made  upon 
crests  which  varied  a  little  from  these  dimensions. 

The  widths  also  increased  slightly  from  day  to  day,  owing  to  the  swell- 
ing of  the  wood.  A  correction  was  made  for  these  differences  before  con- 
structing the  tables. 

The  experiments  were  made  with  depths  on  the  weir  varying  from  0. 12 
to  0.89  feet,  and  with  crests  varying  in  width  from  2  to  10  inches. 

From  the  accuracy  with  which  the  formula  (including  the  secondary 
correction)  agrees  with  this  range  of  experiments,  it  seems  probable  that 
it  may  be  applied  without  much  error  to  crests  not  exceeding  two  or 
perhaps  three  feet  in  width,  and  to  large  depths  on  the  weir,  provided 
the  depth  of  the  channel  is  sufficient  to  prevent  a  large  velocity  of  ap- 
proach. 

It  is  not  probable  that  the  formula  will  apply  to  depths  on  the  weir 
under  0. 1 0  feet,  nor  to  crests  less  than  one  inch  wide. 

For  convenience  in  practical  use,  Table  XXIII.,  page  96,  has  been 
calculated,  by  using  both  the  formula  and  the  secondary  correction.  It 
gives  the  correction  for  nine  widths  of  crests  varying  from  one  inch  to 
two  feet,  and  for  depths  on  the  weir  from  0.05  to  1.50  feet;  the  cor- 
rection for  intermediate  depths  on  the  weir  may  be  obtained  by  direct 
proportion,  or  more  accurately  by  constructing  from  the  data  given  in  the 
table,  a  curve  similar  to  that  shown  for  the  4- inch  crest  on  the  diagram 
in  Plate  VII. 
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TABLE  XXIII. 

CoEEECTiONS  to  be  added  algebraically  to  depths  on  a  wide  crest,  to  obtain  the 
depths  on  a  sharp  crested  weir,  which  will  pass  an  ec^ual  volume  of 
water. 


Depth 
on 

1  Inch. 
Feet. 

2  Inches. 

Width  of  Crest. 

Wide 
Crest. 

3  Inches. 

1 
4  Inches 

1 

6  Inches 
Feet. 

8  Inches 

! 

Feet. 

10  Inches 

12  Inches 
Feet. 

2  Feet. 

Feet. 

Feet. 

Feet. 

Feet. 

Feet. 

i 

1  Feet. 

0.00 

.0000 

.0000 

.0000 

.0000    .0000 

.0000 

.0000 

1   .0000 

'  .0000 

1 

0.05 

—.0087 

—  .0097 

—  .0097 

—  .0093  i  —.0088 

—  .0086 

1 

—  .0086 

—  .0086 

—  .0087 

0.10 

—.0068 

—  .0163 

—  .0177 

—  .0176 

—  .0170 

—  .0168 

—  .0169 

—  .0169 

—  .0172 

0.15 

+  .0022 

—.0166 

—  .0233 

—  .0244   —.0246 

—  .0248 

—  .0249 

—  .0251 

(—.0256 

0.20 

—.0118 

1  —.0243 

j  —.0294   —.0314 

—  .0323 

—  .0328 

—  .0331 

—  .0340 

0.25 

—  .0043 

—  .0219 

—  .0313 

—.0370 

j  -.0393 

—  .0402 

—  .0408 

—.0423 

0.30 

+  .0055 

—.0167 

—  .0304   —.0414 

—.0455 

—  .0473 

—  .0483 

—  .0504 

0.35 

—  .0095 

—  .0270   —.0443 

—.0509 

—  .0536 

—  .0554 

—  .0585 

0.40 

—.0010 

—  .0215  1  —.0453 

—.0552 

—.0597 

—  .0621 

—  .0665 

0.45 

+  .0087 

—  .0145   —.0442 

—  .0581 

—  .0648 

—.0683 

—  .0743 

0.50 

—  .0065 

—.0413 

—  .0600 

—  .0692 

—  .0740 

—.0820 

0.65 

-I  .0024 

—.0368 

—  .0622 

—.0725 

—.0791 

—  .0896 

0.60 

+  .0120 

—  .0310 

—  .0587 

—  .0746 

—.0833 

—  .0971 

0.65 

H  .0221 

—  .0242 

—  .0558 

—  .0757 

—  .0867 

—.1044 

0.70 

-.0168 

—  .0517 

—  .0753 

—  .0892 

—.1116 

0.75 

—.0087 

—  .0469 

—  .0737 

—.0907 

—  .1184 

0.80 

—  .0001 

—.0405 

—.0709 

—  .0912 

—  .1250 

0.85 

+  .0091 

—  .0338 

—  .0671 

—  .0906 

—  .1314 

O.&O 

^  .0186 

I 

—.0266 

—  .0623 

—  .0889 

—  .1375 

0.95 

^-.0285 

—  .0190 

—  .0567 

— ,0861 

—.1434 

1.00 

i 

—  .0109 

—  .0504 

—  .0825 

—.1491 

1.10 

+  .0066 

—  .0366 

—.0729 

-.1594 

1.20 

+  .0253 

-.0212 

—  .0606 

—  .1680 

1.30 

+  .0447 

—.0045 

—  .0467 

-.1750 

1.40 

1 

-J-.0133 

—  .0316 

-.1802 

1.50 

i 

+  .0319 
* 

—  .0154 

-.1835 

Note. — Use  table  only  when  sheet  adheres  to  crest. 
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EXPEKIMENTS   ON   THE   FLOW    OF   WATER  OVER 

A  WEIR  WHICH  HAD  THE  UP-STREAM 

EDGE  OF  THE  CREST  ROUNDED. 


Among  the  precautions  to  be  observed  in  preparing  a  weir  to  which 
the  common  formulae  will  apply,  it  is  required  that  the  up-stream  edge 
shall  be  sharp,  since  it  is  stated  that  any  appreciable  rounding  will  in- 
crease the  discharge  materially.  The  amount  of  increase  in  the  discharge 
seems  never  to  have  been  determined,  and  as  it  is  difficult  to  maintain  a 
very  sharp  edge  on  a  wooden  crest  during  long-continued  measure- 
ments, the  following  described  experiments  were  made  to  ascertain  the 
effect  of  the  rounded  edge.  It  was  impracticable  to  make  the  experi- 
ments with  a  very  small  rounding  of  the  edge,  such  as  might  occur  in 
practice,  and  consequently  the  experiments  were  made  upon  rounded 
edges  of  larger  radii,  with  the  view  of  deducing  from  them  the  effect  of 
smaller  ones. 

The  general  arrangement  of  the  apparatus  was  the  same  as  during 
the  experiments  upon  wide  crests  ;  the  rounded  edges  of  i,  i  and  1  inch 
radius,  were  made  by  attaching  pieces  to  the  face  of  the  weir,  as  shown 
by  Figures  6,  7  and  8,  Plate  I. ;  their  position  when  attached  to  the  weir 
is  shown  by  the  dotted  lines  in  Fig.  5.  The  sides  of  the  pieces  which 
adjoined  the  weir,  and  the  face  of  the  weir,  were  carefully  planed,  and 
when  fitted  together  adhered  so  firmly  that  no  fastening  was  required. 

The  experiments  were  made  in  the  same  general  manner  and  with 
nearly  the  same  care  as  the  experiments  upon  the  wide  crests. 

One  series  of  experiments  was  made  with  the  rounded  corners  attached 
to  the  weir,  which  had  a  level  crest  0.035  feet  wide,  and  another  when 
they  were  attached  to  a  level  crest  4  inches  wide. 

In  the  first  series,  when  the  depth  on  the  weir  was  above  a  certain 
limit,  the  sheet  of  water  lifted  from  the  level  crest  and  from  a  portion  of 
the  rounded  edge  about  in  the  manner  shown  in  Plate  IX. 

This  limit  was  reached  with  the  rounded  edges  of  i,  i  and  1  inch 
radii  when  the  depths  on  the  weir  were  0.17,  0.26  and  0.45  feet  re- 
spectively. 

The  form  of  the  sheet,  as  given  in  the  figure,  shows  that  the  addition 
of  a  rounded  edge  has  practically  the  same  effect  as  a  lowering  of  the 
level  of  the  barrier  over  which  the  water  flows.  The  point,  a,  at  which 
the  sheet  begins  to  separate  from  the  crest,  is  approximately  the  point 
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at  which  the  bottom  curve  of  the  sheet  and  the  curve  of  the  crest  become 
tangent.  This  curve  of  the  sheet  so  near  its  beginning  is  known  to  be 
very  nearly  constant  in  direction  for  all  except  the  smaller  depths  on  the 
weir.  This  fact  indicates  that  the  position  on  the  crest  of  the  point  of 
separation,  a,  is  nearly  constant.  With  crests  of  large  radius  the  portion 
of  the  curve  below  a  would  probably  modify  appreciably  the  form  of 
the  bottom  curve  of  the  sheet,  but  with  crests  of  small  radius  it  is  doubt- 
ful if  this  portion  of  the  curve  has  an  important  e£fect  upon  the  flow. 

The  experiments  in  which  the  sheet  lifted  in  the  manner  shown  in 
the  sketch,  were  made  only  upon  the  crests  of  i  and  i-inch  radius  ;  they 
showed  that  the  only  correction  necessary  before  using  the  formula  for 
a  sharp-crested  weir  was  to  add  x^o  of  the  radius  of  the  crest  to  the 
measured  depth  on  the  weir,  i.e.,  the  discharge  over  a  rounded  crest  is 
practically  the  same  as  over  a  sharp  crest  placed  lower  to  the  amount  of 
i^  of  the  radius  of  the  rounded  crest ;  i.  e. ,  approximately,  at  the  level  of 
the  point  a,  in  the  figure. 

The  results  given  may  be  expressed  by  the  formula 

(7  =  0.7i?, 
in  which  G  is  the  correction  to  be  added  to   the  measured  depth  on  a 
rounded  crest  to  find  the  depth  on  a  sharp  crest  which  will  pass  an  equal 
volume  of  water.     R  is  the  radius  of  the  crest. 

This  formula  is  limited  to  crests  having  a  radius  of  less  than  J  of  an 
inch  and  to  depths  on  the  weir  which  are  sufficiently  large  to  cause  the 
sheet  to  lift  from  a  portion  of  the  crest,  as  shown  on  Plate  IX, ;  it  will 
probably  become  inaccurate  when  the  depth  on  the  weir  is  less  than 
0.15  feet. 

From  the  point  where  the  sheet  of  water  ceased  to  be  lifted  from  the 
crest,  the  term  G  of  the  formula  was  shown  by  tlie  experiments  to  diminish 
uniformly  to  zero,  when  the  depth  on  the  weir  was  about  0 .  09  feet. 

Table  XXIV.  contains  the  record  of  all  the  experiments  of  this  series, 
and  shows  the  comparison  between  the  actual  results  and  those  obtained 
by  the  formula  G  =  0.7  R  in  all  cases  where  it  is  applicable. 

The  differences  resulting  from  this  comparison  may  be  seen  in 
column  7.  The  largest  difference,  0.0042  feet,  occurs  in  an  experiment 
made  at  a  later  date  than  the  others,  after  the  steel  edge  had  been 
fastened  to  the  weir  and  generally  under  more  unfavorable  conditions 
than  the  others.  The  next  largest  difference  is  0.0032  feet.  The  seven 
remaining  differences  do  not  in  any  case  exceed  O.OOl  feet. 
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PLATE  IX. 
Sketch  showing  Water  Flowing  over  a  Bounded  Crest. 
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TABLE  XXIV. 

Experiments  upon  the  Flow  of  Water  over  Rounded  Crests.    , 


1 

a 

3 

4 

5 

Correction 
obtained 

6 

7 

Num- 

Observed 

from 

Correction 
Calculated  by 
the  Formula 

(7=0.7/?. 

Difference  of 

ber  of 

Date. 

Depth  on  the 

Observed 

Experiment 

the  Observed 

the 

Top  of  the 

Depth  on  the 

by  deducting 

from  the 

Experi- 

1877. 

Kounded 

Sharp  Crest. 

the  Depth  in 

Calculated 

ment. 

Crest. 

Col.  3  from 

Correction. 

the  Depth  in 

Col.  4. 

Experiments  upon  the  Crest  of  I-inch  Badius 


Experiments  upon  the  Crest  of  A-inch  Radius. 


Experiments  upon  the  Crest  of  1-inoh  Radius. 


1 

March  14 

Feet. 
0.1 090 

Feet. 
0.1159 

Feet. 
0.0063 

Feet. 

Foet. 

2 

"      15 

0.1524 

0.1662 

0.0138 

3 

"      15 

0  2723 

0.2837 

0.0114 

0.0146 

—0.0032 

4 

...      14 

0.3408 

0.3556 

0.0148 

0.0146 

+0.0002 

5 

"      15 

0.3953 

0.4096 

0.0143 

0.0146 

—0.0003 

6 

"       16 

0.4742 

0.4889 

0.0147 

0.0146 

-fO.OOOl 

7 

March  14 

0.1118 

0.1158 

0.0040 

8 

"       15 

0.1535 

0.1663 

0.0128 

9 

"       14 

0.1955 

0.21G6 

U.0211 

10 

•'       15 

0.2547 

0.2835 

0.0288 

0.0292 

—0.0004 

11 

"       14 

0.3273 

0.3.555 

0.0282 

0.0292 

—0.0010 

12 

•'      15 

0.3813 

0.4096 

0.0283 

0.0292 

—0.0009 

13 

•■      16 

0.4594 

0.4889 

0.0295 

0.0292 

4^0.0003 

14 

April      2 

0.6455 

0.6789 

0.0334 

0.0292 

+0.0042 

15 

March  14 

0.1127 

0.1157 

0.0030 

16 

"       15 

0.1569 

0.1665 

0.0096 

17 

"      14 

0.1986 

0.2166 

0.0180 

18 

"      15 

0.2553 

0.2833 

0.0280 

19 

..       14 

0.3164 

0.3555 

0.0391 

20 

"       15 

0.3656 

0.4096 

0.0440 

21 

"       16 

0.4371 

0.4888 

0  0517 
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The  second  series  of  experiments,  in  which  the  water  flowed  over  a 
rounded  approach  attached  to  a  crest  four  inches  wide,  was  made  to 
ascertain  whether  or  not  the  formulae  already  given  for  wide  and  rounded 
crests  were  applicable  when  both  conditions  existed  at  the  same  weir, 
and  it  was  found  that  they  were  not.  It  was  ascertained,  however,  that 
by  using  the  original  formula  for  the  wide  crest,  and  a  modified  formula 
for  the  efifect  of  the  rounded  approach,  correct  results  could  be  obtained. 
The  modified  formula  is  C  —  0 .  41  i?,  and  varies  only  from  that  previously 
given  in  the  value  of  the  co-eflScient.  In  measuring  the  width  of  a  crest 
the  width  of  the  rounded  approach  should  be  included. 

The  modified  formula  has  the  same  limits  as  the  original  one,  both  in 
regard  to  the  radii  of  the  rounded  approach  and  to  the  depths  on  the 
weir,  i.e.,  it  is  limited  to  radii  not  exceeding  \  of  an  inch  and  to  depths 
on  the  weir  not  less  than  0 .  17  and  0 .  26  feet  respectively,  in  the  cases  of 
the  t  and  ^  inch  crests.  It  is  also  limited  to  crests  of  about  the  width 
experimented  upon  or  from  4  to  5  inches. 

This  series  of  experiments  was  not  made  with  a  view  of  determining 
any  strict  formula,  but  rather  to  ascertain  to  what  extent  a  measurement 
of  the  discharge  over  a  plank  slightly  rounded  at  the  up-stream  corner 
could  be  relied  upon.  Seventeen  experiments  of  this  class  were  made, 
but  they  are  not  deemed  of  sufficient  importance  to  be  given  in  detail. 


EXPERIMENTS  UPON  THE  DISCHARGE  OF  WATER 
OVER  A  SUBMERGED  WEIR. 

This  series  concluded  the  experiments  of  1877,  and,  on  account  of 
the  necessity  of  removing  the  apparatus,  it  was  made  more  hastily  than 
the  others,  the  entire  series  being  completed  in  one  day.    " 

The  apparatus  is,  with  the  exception  of  some  additions  for  measuring 
the  height  of  the  water  on  the  down-stream  side  of  the  weir,  the  samo  as 
that  used  for  measuring  the  discharge  over  a  sharp-crested  weir,  as 
shown  on  Plate  I.  and  described  on  pages  52  to  53.  The  level  of  the 
water  on  the  down-stream  side  of  the  weir  was  controlled  by  stop-planks 
placed  in  the  first  dam  below  the  weir.  Owing  to  the  varying  pressure 
at  different  points  on  the  down-stream  side,  caused  by  the  large  velocity 
of  the  water  passing  the  weir,  the  place  where  the  head  is  taken  be- 
comes a  matter   of  considerable  importance.     In  these  experiments  it 
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was  thought  best  to  take  the  head  at  a  place  which  would  represent 
fairly  the  height  of  the  comparatively  still  water  below  the  weir.  With 
this  in  view,  a  pipe  leading  from  a  hook-gauge  pail  was  terminated  at  the 
bottom  of  the  channel  near  its  side,  6  feet  from  the  weir,  and  to  protect 
its  end  from  lateral  and  vertical  currents  it  was  inserted  in  a  hole  in  the 
side  of  an  inverted  trough,  R  (Plate  I.,  Figs.  1  and  2),  2  feet  long  and  4 
inches  square  in  section,  the  sides  of  the  trough  being  parallel  with  the 
side  of  the  channel. 

It  will  be  noticed  by  reference  to  the  same  plate  that  the  channel 
below  is  wider  than  the  weir,  consequently  the  pipe  ending  near  the  side 
of  the  channel  was  not  exposed  directly  to  the  force  of  the  current  of 
water  passing  the  weir. 

The  method  of  making  these  experiments  was  similar  to  that  em- 
ployed for  other  modifications  of  the  weir.  The  constant  volume  of 
water  was  made  to  pass  over  the  sharp-crested  weir  when  the  discharge 
was  free,  and  also  over  the  same  weir  when  the  water  on  the  down-stream 
side  stood  above  the  level  of  its  crest.  When  in  the  latter  condition  the 
height  of  the  water  on  the  up-stream  and  down-stream  sides  of  the  weir 
was  measured. 

It  was  not  found  practicable  to  represent  the  results  of  this  modifica- 
tion of  the  weir  by  a  formula  for  correcting  the  depth  on  the  weir,  as  it 
has  been  done  in  previous  instances  ;  therefore  the  following  formula, 
which  gives  directly  the  volume  discharged,  was  adopted  for  calculating 
the  results  : 

in  which 

Q  is  the  quantity  of  water  discharged  in  cubic  feet  per  second  ; 

c  is  a  co-efficient  deduced  from  experiment,  which  was    found    to 

d' 
vary  with  the  ratio  —  ; 

/  is  the  length  of  the  weir  ; 

d  is  the  depth  on  the  weir  measured  from  the  still  water  on  the  up- 
stream side  ; 

d'  is  the  depth  to  which  the  weir  is  submerged  measured  from  the 
still  water  on  the  down-stream  side  ; 

h  is  the  diff'erence  between  the  levels  of  the  water  on  the  up-stream 
and  down-stream  sides  of  the  weir,  and  consequently  equals  d-d'. 
(See  Plate  X,  Fig.  1.) 


PLATE  X. 
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DIAGRAM  ILLUSTRATING  EXPERIMENTS  UPON  THE  FLOW  OF  WATER 
OVER  A  SUBMERGED  WEIR. 

EXPLANATION  OF  FIG.  2. 

Experiments  made  by  the  Authors  shown  thus  O 
"  "       "  Mr.  J.  B.  Francis    "         D 

The  full  curve  is  intended  to  show  the  mean  results  of  the  experiments. 

The  dotted  curve  shows  a  series  of  coefficients  which,  when  used  in 
the  formula  for  the  submerged  weir,  furnish  results  identical  with  the 
formula  Q  =  3.33  L  H  ^ 


Fig.  2. 
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From  the  above  formula 

^^ q^ 

Q  is  the  only  quantity  in  the  second  term  of  this  equation  which  is 
not  the  result  of  actual  measurement,  and  its  value  is  calculated  from 
the  measurements  at  the  weir,  when  not  submerged,  by  Mr.  Francis' 
well-known  formula  §  =  3.33  Xi?2. 

By  this  method  the  value  of  c  was  determined  from  each  experiment ; 
it  proved  to  be  g,  variable  quantity  ;  a  further  examination  showed  that 
it  varied  with  the  proportion  o  the  depth  on  the  weir  which  was  sub- 
merged, a  ratio  represented  by  -^  , 

Mr.  Francis  has  placed  on  record  a  series  of  *'  experiments  on  the  ef- 
fect produced  on  the  flow  of  water  over  weirs,  by  the  height  of  the  water 
on  the  down-stream  side,"*  which  were  made  in  a  manner  almost  iden- 
tical with  our  own  ;  these  experiments  are  used  in  connection  with  those 
made  by  us  to  determine  the  value  of  the  co-efficients  of  the  formula. 

The  results  of  both  series  of  experiments  are  shown  in  Table 
XXV.,  and  also  on  Plate  X.  On  the  latter  the  ordinates  represent 
the  co-efficients  of  the  formula  for  a  submerged  weir  and  the 
abscissa3   the  proportion   of    the    total    depth   on   the  weir,    which   is 

d 

submerged,   a  ratio  represented  by    —  .     The  circles    show   our   own 

experiments,  the  squares  those  made  by  Mr.  Francis.     The  curve  drawn 

with  a  full  line  represents  the  co-efficients  finally  adopted  for  the  varying 

d' 
values    of  — r-.     The  short  curve  shown  by  the  dotted  line  represents  a 

series  of  co-efficients  which,  when  used  in  the  formula  for  a  submerged 

weir,  will  give  the  same  discharge  as  Mr.  Francis'  formula,  ^  =  3.33  LH'\ 
disregarding  in  the  latter  case  the  height  of  the  water  on  the  down- 
stream side  of  the  weir. 

In  the  cases  where  the  full  line  is  above  the  dotted  one  the  flow  over 
the  weir  is  facilitated  by  the  slightly  increased  height  of  the  water  on 

the  down-stream  side.      The  proximity  of   the   two  curves  until  — -  = 

0.15  shows  that  until  this  limit  is  reached  the  fact  that  the  weir  is  sub- 
merged need  not  be  considered,  provided  an  error  of  one  per  cent,  is 


*  Lowell  Hyraulic  Experiments,  p.  102. 
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admissible,  and  provided  air  has  free  access  to  the  space  beneath  the 

sheet    until   4"=  0.08. 
a 

The  curve  of  co-efficients  has  some  peculiarities  of  form  which  the 
circumstances  of  the  experiments  can  account  for  in  part.  During  ex- 
periments 2  and  1',  although  the  water  on  the  down-stream  side  was 
slightly  above  the  crest  of  the  weir,  yet  the  air  remained  under  the  sheet 
and  its  form  was  not  perceptibly  changed.  The  average  result  of  these 
two  experiments  does  not  show  any  appreciable  change  in  the  discharge 
caused  by  raising  the  water  on  the  down-stream  side  to  this  level,  and 
in  consequence  the  two  curves  on  the  diagram  correspond  to  this  point. 

During  Experiments  3,  4  and  5  the  air  remained  under  the  sheet  but 
a  portion  of  the  time,  passing  in  and  out  with  each  oscillation  of  the 
water  below  the  weir.     The  short  piece  of  the  curve  between  the  points 

where     -j-  =  0.02  and  0.08  represents  this  condition  of  the  flow  and 

establishes  a  connection  between  the  first  and  last  parts  of  the  curve  ; 

the  first  representing  the  co-efficients  in  cases  where  the  air  remains 

permanently  under  the  sheet,  the  last  and  longest  part  representing  the 

co-efficients  when  no  air  remains. 

In  this  last  part  it  will  be  seen  that  the  co-efficients  decrease  as  the 

relative  height  of  the  water  on  the  down-stream  side  becomes  greater 

d' 
until  —T-  =  0 .  65,  when  they  again  increase. 

The  cause  of  this  marked  depression  in  the  curve  is  not  definitely 
known. 

The  proportional  differences  between  the  result  of  each  experiment 
and  the  formula  may  best  be  seen  by  referring  to  column  9  of  the  table. 

The  largest  difference  is  in  Experiment  9,  2^  per  cent.,  so  much 
larger  than  any  other  that  the  experiment  may  be  considered  of  no  value. 
The  next  in  size  is  in  Experiment  7,  a  little  less  than  one  per  cent.  In 
this  case  a  reference  to  the  note-book  showed  that  the  height  of  the 
water  on  the  down-stream  side  was  lowering  during  the  measurement, 
owing  probably  to  the  instability  of  some  small  stop-planks  used  to 
cause  the  smaller  variations  in  the  level  of  the  water  on  the  down-stream 
side  of  the  weir. 

Of  the  remaining  25  experiments  in  both  series  the  differences  are  in 
all  cases  less  than  one  per  cent.,  and  average  0.0028,  or  a  little  more  than 
a  fourth  of  one  per  cent. 
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The   variable    co-efficient    of   the    formula   as   represented    by    the 
curve   is  also  shown   in  Table   XXVI.,    for   each  0.01  in  value  of   the 

ratio  — — .     The  co-efficients  were  established  by  measurement  from  the 

original  diagram,  a  reduced  copy  of  which  is  shown  on  Plate  X. 

TABLE  XXVI. 

CO-EFFICIENTS     IN    FoBMULA      §  =  C  /    (    r/  -f-      -      \     >J }i        CORRESPONDING 


TO  EACH  One-hundredth  in  Value  of  the  Ratio 


d' 
d' 


d' 
d 

Co-effioient. 

d' 
d 

Co-efflcient. 
3.241 

d' 
d 

0.51 

Co-efBcient. 

d' 
d 

Co-efficient. 

0.01 

3.330 

0.26 

3.110 

0.76 

3.105 

.02 

3.331 

.27 

3.234 

.52 

3.107 

.77 

3.109 

.03 

3.335 

.28 

3.227 

.53 

3.104 

.78 

3.113 

.04 

3.343 

.29 

3.220 

.54 

3.102 
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.30 

3.214 
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3.100 
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3.122 

.06 

3  368 

.31 
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3.098 
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.07 

3.371 

.32 

3.201 

.57 

3.096 

.82 

3.131 

.08 

3.372 

.33 

3.194 

.58 

3.095 

.83 

3.137 

.09 

3.370 

.34 

3.188 

.59 

3.093 

.84 

3.143 

.10 

3.365 

.35 

3.182 

.60 

3.092 

.85 

"Abo 

.11 

3.359 

.36 

3.176 

.61 

3.091 

.86 

3.156 

.12 

• 

3.352 

.37 

3.170 

.62 

3.090 

.87 

3.164 

.13 

3.343 

.38 

3.165 

.63 

3.090 

.88 

3.172 

.U 

3.335 

.39 

3.159 

.64 

3.089 

.89 

3.181 

.15 

3.327 

.40 

3.155 

.65 

3.089 

.90 

3.190 

.16 

3.318 

.41 

3.150 

.66 

3.089 

.91 

3.200 

.17 

3.310 

.42 

3.145 

.67 

3.090 

.92 

3.209 

.18 

3.302 

.43 

3.140 

.68 

3.090 

.93 

3.221 

.19 

3.294 

.44 

3.135 

.69 

3.191 

.94 

3.233 

.20 

3.286 

.45 

3.131 

'.70 

3.092 

.95 

3.247 

.21 

3.278 

,46 

3.127 

.71 

3.093 

.96 

3.262 

.22 

3.271 

.47 

3.123 

.72 

3.095 

.97 

3.280 

.23 

3.264 

.48 

3.119 

.73 

3.097 

.98 

3.300 

.24 

3.256 

.49 

3.116 

.74 

3.099 

.99 

3.325 

.25 

3.249 

.50 

3.113 

.75 

3.102 

1.00 

3.360 
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'  Limits  of  the  Formula. 

The  quantity  of  water  passing  the  weir  during  the  experiments  was, 
in  all  cases,  calculated  by  Mr,  Francis'  formula,  Q  =  3.33 LH^,  from 
measurements  taken  when  the  weir  was  not  submerged.  .  This  formula 
was  used  in  preference  to  the  one  given  by  us  on  page  82,  because  it  is 
necessary  for  the  simplicity  of  the  formula  for  the  submerged  weir  to 
base  it  upon  a  simple  formula  having  a  constant  co-efficient,  and  the  co- 
efficient 3.33  is  probably  more  applicable  to  cases  generally  met  with  in 
practice  than  any  other.  In  the  case  of  depths  on  the  weir  to  which 
the  co-efficient  3.33  will  not  apply,  the  discharge  as  given  by  the  formula 
for  the  submerged  weir  will  be  in  error  to  nearly  the  same  extent,  and 
may  be  corrected  by  the  table  of  percentages  given  on  page  85. 

Aside  from  the  corrections  just  referred  to,  the  absolute  depth  on  the 

weir  seems  to  have  no  influence  on  the  co-efficient  which  varies,  as  far 

d' 

as  can  be  determined  from  the  experiments,  only  with  the  ratio  — v^ ;  it 

may  therefore  be  inferred  that  the  formula  will  apply  without  much 

error  to  depths  much  larger  than  those  experimented  upon. 

d' 
The  formula  will  be  inapplicable  .to  values  of  ~j  less  than  0.08,  unless 

air  has  free  access  to  the  space  beneath  the  sheet.  The  correction  for 
the  effect  of  velocity  of  approach  can  be  made  by  increasing  the  depth 
on  the  weir  in  the  manner  provided  for  weirs  under  ordinary  conditions. 
The  height  of  the  water  on  the  down -stream  side  should  also  be  corrected 
for  the  velocity  of  the  water  leaving  the  weir.  The  latter  correction  is 
undoubtedly  of  great  importance  when  the  channel  on  the  down -stream 
side  is  shallow,  particularly  when  it  is  not  wider  than  the  weir ;  but 
since  there  is  no  data  for  making  this  correction,  it  becomes  necessary 
to  limit  the  use  of  the  formula  to  cases  in  which  such  unfavorable  con- 
ditions do  not  exist. 

An  instance  of  the  error  which  might  result  from  the  use  of  this  for- 
mula in  a  contracted  channel  is  furnished  by  an  extensive  series  of  ex- 
periments^' made  by  K.  R,  Bornemann, 

The  experiments  were  made  in  1866-67-69-71  and  72.  In  77  experi- 
ments, out  of  a  total  of  103,  the  depths  on  the  weir  were  taken  in  such 
a  manner  that  the  experiments  can  be  compared  with  our  own. 

The  experiments  were  all  made  upon  weirs  which  occupied  the  whole 


*  Der  Civilingenieur.    1876. 
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width  of  the  channel  in  which  they  were  placed.     The  depths  on  the 
weirs  varied  in  the  different  experiments  from  0.31  to  0.879  feet. 

The  series  of  1866-67  and  '69  were  made  upon  weirs  3.72  feet  long  ; 
the  height  of  the  weirs  above  the  bottom  of  the  channel  varied  from 
0.32  to  0.80  feet,  and  averaged  0.57  feet.  The  average  depth  on  the 
weir  was  0.63  feet.  These  experiments  were  36  in  number,  and  the 
average  co-efficient  of  our  formula  deduced  from  them  was  4,065,  or 
about  27  per  cent,  greater  than  that  deduced  from  our  experiments. 

The  series  of  1871  was  made  upon  a  weir  1.81  feet  long.  Its  height 
varied  from  0.33  to  0.79  feet,  averaging  0.57  feet.  The  average  depth  on 
the  weir  was  0.51  feet,  These  experiments,  22  in  number,  furnished  an 
average  co-efficient  of  3.50,  which  is  about  10  per  cent,  greater  than  that 
deduced  from  our  experiments. 

The  series  of  1872  was  made  upon  a  weir  2.63  feet  long.  Its  height 
varied  from  0.40  to  0.80  feet,  averaging  0.67  feet.  The  average  depth  on 
the  weir  was  0.50  feet.  These  experiments,  19  in  number,  furnished  an 
average  co-efficient  of  3. 54,  which  is  about  11  per  cent,  greater  than  that 
deduced  from  our  experiments. 

The  author  has  attributed  the  variation  in  the  different  series  of  his 
experiments  to  the  different  lengths  of  the  weirs ;  but  this  seems  very 
improbable  ;  particularly,  as  all  of  the  weirs  were  without  end  contrac- 
tions, and  it  is  disproved  by  the  close  comparison  between  our  experi- 
ments and  those  of  Mr.  Francis ;  because,  in  the  latter  case,  the  weir 
was  more  than  three  times  as  long  as  in  the  former.  We  would  attribute 
the  variation  of  the  experiments,  among  themselves  and  from  our  own, 
to  the  limited  dimensions  of  the  channel  leading  to  and  from  the  weir, 
which  caused  the  water  to  approach  and  leave  the  weir  with  a  large 
velocity. 

The  correction  for  velocity  of  approach  was  made  by  adding  the 
theoretical  head,  due  to  the  mean  velocity  of  approach,  to  the  measured 
depth  on  the  weir,  a  correction  which  is  not  large  enough,  and  no  cor- 
rection was  made  for  the  velocity  with  which  the  water  left  the  weir. 

The  close  accordance  between  the  two  series  of  experiments  upon 
which  our  formula  is  based  seems  to  warrant  the  conclusion  that  the 
formula  will  generally  be  reliable  within  one  per  cent.,  provided  the 
channel  on  the  down-stream  side  is  sufficiently  deep  and  wide ;  its 
dimensions  are,  however,  much  less  important  when  the  weir  is  but  little 
submerged  than  under  other  circumstances. 
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In  practice,  this  form  of  weir  may  be  found  useful  in  cases  where,  on 
account  of  the  slight  fall  obtainable,  it  would  be  impossible  to  erect  a 
weir  of  the  ordinary  form.  In  Experiment  22,  the  total  fall  was  about 
one-fourth  of  an  inch,  and  in  Experiment  21  it  was  less  than  one-half  of 
an  inch,  showing  that  a  small  fall  is  sufficient  for  a  reliable  measurement. 


EXPERIMENTS  TO  DETERMINE  THE  EFFECT  OF 

END  CONTRACTION  UPON  THE  FLOW 

OF  WATER  OVER  WEIRS. 

These  experiments  were  made  on  March  21st  and  22d,  1878.  The  ap- 
paratus was  the  same  as  that  used  during  the  experiments  upon  velocity 
of  approach,  as  shown  on  Plate  II. ,  and  described  on  pages  6  to  9. 

In  making  the  experiments,  a  constant  quantity  of  water  was  made  to 
flow,  first  over  a  weir  5  feet  long,  without  end  contractions,  and  afterwards 
over  the  same  weir  shortened  with  pieces,  at  one  or  both  ends,  to  cause 
end  contractions.  Six  different  forms  of  weirs  were  used,  one  without 
and  five  with  end  contractions  ;  the  dimensions  and  conditions  are  given 
in  the  following  table  :, 

TABLE   XXVII. 

The  Width  of  the  Channel  was  5  feet,  and  its  Depth  below  the  Cbest  of 

THE  Weir,  3.56  feet. 


Number 

Distance  from 

the  side  of  the  Chau- 

designatiiif^ 

Number  of 

Length  of 

the 

nel  to  the  end  of  the  Weir. 

the  Form  of  the  j 

End 
Conti-actions. 
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5.0 
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1 
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.0 

3 
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4.0 

.0 

1.0 

4 

1 

:{..s 

.0 

1.7 
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2 

3.0 

1.0 

1.0 

6 

2 

2.:i 

1.0 

1.7 

The  constant  quantity  of  water  discharged  is  computed  from  measure- 
ments taken  at  the  first  form  of  weir  without  end  contractions,  by  using 
the  formula   Q^S.Sl  LH2  -{-  0.007  L.   (See  page  82).    Having  the  value 
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of  Q  thus  determined,  the  same  formula  is  used  in  the  case  of  the  other 
weirs  to  determine  L,  their  effective  length.  The  difference  between  this 
value  of  L,  and  the  measured  length  of  a  weir,  represents  the  effect  of 
the  end  contraction. 

In  presenting  the  results,  this  effect  is  expressed  as  a  fraction  of  the 
depth  ob  the  weir  by  using  the  formula 

G=bH, 
in  which 

(7  is  a  correction  to  be  subtracted  from  the  measured  length  of  the 
weir  for  each  end  contraction  ; 

6  is  a  co-eflScient  deduced  from  experiment ; 

H  is  the  depth  on  the  weir  corrected,  if  necessary,  for  the  effect  of 
velocity  of  approach. 

The  co-efficient,  b,  was  found  to  vary  to  a  marked  extent  with  the 
depth  on,  and  the  form  of  the  weir. 

The  experiments  are  given  in  Table  XXVIII. 

In  this  table  most  of  the  columns  are  sufficiently  explained  by  their 
headings. 

Column  8, — The  co-efficients  given  in  this  column  are,  in  the  case  of 
the  weir  without  end  contraction,  taken  from  the  table  on  page  12,  and 
in  the  other  cases  from  data  furnished  by  the  experiments  given  in  Table 
III.,  pages  22  and  23. 

Column  11. — The  lengths  of  the  weirs  were  measured  at  and  0.60  feet 
above  the  level  of  the  crest.  Two  series  of  measurements  were  taken  the 
first  day  of  the  experiments,  at  9  a.  m.  and  2  p.  m.  ;  one  was  taken  the 
second  day  at  1.30  p.m.  The  measurements  were  compared  with  a  steel 
standard,  and  they  showed  that  the  weirs  continued  to  shorten  during 
the  experiments,  owing  to  the  swelling  of  the  pieces  used  to  cause  end 
contraction. 

Column  12. — The  discharges  in  this  column,  which  correspond  to  the 
experiments  on  the  weir  without  end  contractions,  are  calculated  by  the 
formula  Q  =  3.31  LH  2 -^0.007  L.  An  average  of  the  quantities  thus 
obtained  was  generally  assumed  to  be  the  discharge  in  the  other  experi- 
ments of  the  series  ;  but  in  several  cases,  when  the  measurements  indi- 
cated that  the  volume  passing  the  weir  was  not  exactly  a  constant 
quantity,  it  was  assumed  that  the  discharge  varied  from  the  beginning 
to  the  end  of  the  series  in  proportion  to  the  time  elapsing  between  the 
experiments. 
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Column  14. — The  co-efficients  given  in  this  column  are  obtained  by 
dividing  the  differences  between  the  lengths  of  weir,  as  given  in  columns 
11  and  13,  by  the  depth  on  the  weir. 

A  glance  at  this  column  sho  ws  that  there  is  a  large  variation  in  the 
co-efficients  ;  but  on  account  of  the  arrangement  of  the  experiments  in 
the  table,  the  nature  and  cause  of  the  variation  is  not  clearly  indicated. 

To  show  the  results  more  clearly,  the  co-efficients  have  been  plotted 
and  are  shown  on  Plate  XI.,  which  may  be  understood  from  the  explana- 
tions accompanying  it.  Upon  examining  this  plate  it  is  noticeable  that 
the  co-efficients  decrease  quite  rapidly  as  the  depth  on  the  weir  increases, 
with  all  of  the  forms  of  weir  experimented  upon.  The  difference  in  the 
co-efficients  for  the  different  forms  of  weirs  is  also  marked,  although  the 
conditions  are  in  nearly  all  cases  within  the  limits  to  which,  in  practice, 
a  formula  having  a  constant  co-efficient  is  generally  applied. 

In  Experiments  33  and  35  the  lengths  of  the  weirs  were  respectively 
2.6  and  2.4  times  the  depths  on  the  weirs. 

In  Experiments  40  and  45  the  depth  on  the  weir  was  87,  and  in 
Experiments  51,  52  and  54  it  was  95  per  cent,  of  the  distance  from  the 
side  of  the  channel  to  the  end  of  the  weir. 

The  above  are  extreme  cases,  yet  there  is  no  indication  that  they  are 
not  governed  by  the  same  laws  as  the  other  experiments. 

In  the  cases  of  Weirs  Nos.  2,  3,  and  4,  the  position  of  the  co-efficients 
on  the  diagram  do  not  coincide  with  the  lines  as  exactly  as  in  the  other 
cases ;  this  is  due  chiefly  to  the  fact  that  any  slight  inaccuracy  in  the 
observations  affects  the  co-efficient  more  when  the  weir  is  long  and  has 
but  one  end  contraction. 

The  results  of  these  experiments  seemed  somewhat  peculiar,  and  it 
was  thought  advisable  to  examine  the  methods  used  so  as  to  ascertain 
within  what  limits  they  are,  probably,  reliable. 

By  the  method  used,  which  appeared  to  be  the  only  one  available 
under  the  circumstances,  it  was  necessary  to  make  a  marked  change  in 
the  length  of  and  depth  on  the  weir,  in  order  to  produce  the  end  contrac- 
tions ;  this  caused  the  experiments  to  depend  to  some  extent  upon  the 
formula  used  for  computing  the  discharge  over  the  weir.  In  the  formula 
given  by  us  {Q  =  3.31  L  H ^ -{- 0.007  L)  the  discharge  does  not  vary 
exactly  as  H  2  ;  while  in  the  formulae  of  Mr.  Francis  and  several  others 
it  does. 

Recalculating  the  experiments  upon  the  basis  that  the  discharge  does 
vary  directly  with  H  i;,  the  following  comparative  results  were  obtained. 
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TABLE  XXVIII. 
Eiperiiaeuts  to  iletermine  the  effect  of  eud  contraction  upon  the  flow  of  water  over  Weirs,  made  in  the  Sudbury  Condu 
March  21st  and  22d,  1878.     Depth  of  channel  below  crest  of  weir,  8.56  teat.     Temperature  of  water,  40°. 


.    ■ 

■4 

'3 

1 

a 

a 

r 

8 

.0        { 

„        } 

la 

l"C 

% 

as 

i 

Ij 

i 

£a 

s  i. 

-  ■ 

:i  0 

> 

^1 

z     1 

s 

§* 

s* 

a"* 

i" 

!.? 

» 

1. 

H 

1 

si 

1 

l! 

5° 

it 

si 

.aS 

5        '5l 

Ill 

il" 

•?Jo 

11 

|ll 

§1 

III 

u 

lll 

l§       i 

^        l-sl 

1     1*1 

^ 

Q              K 

7; 

S 

i- 

0 

p 

J          1 

Q           B 

18TH.      I 

Feel  per 

1 

On.  Ft. 

Feci. 

Eicp.    1... 

f  f     j 

\ 

5-S 

i 

sis 

ill 

..iii 

SnS 

i;|i 

1.907 

1:997       2:973a 

Exp.  0..: 

^ot^Vm'.'       1 

n 

0.230K 

0.038 

U.OtHllS 

l.Sl 

n.nnoa 

0.2305 

.^5.0044     1 

1.868 

.15     ■• 

1 

It.  2691 

O.U08 

U.00U15 

1.85 

U.  11003 

II.'J01I4 

4.0l)fi3 

1.868  I     3.9762 

"       9."" 

24     " 

2 

0  3301 

o!096 

o!oooi* 

also 

oiomia 

o!3304 

fiiooai 

i:b69  1  2:9406 

^30     •■ 

riarch  ai. 

Exp.  11.   , 

2 

s-i 

s-ii 

' 

li 

1 

0.3952 
0.4852 

i;i   i:E 

Exp.  I«... 

sia?^-'**' 

1 

ii:S 

0.33S 

0.00084 
0.00081 

5:i 

S:E 

o!4u93 
11.6694 

S;E 

Is  IZl 

S«rto«'v 

aiSohaa. 

" 

0.1245 

0.233 

0.00084 

1,49 

0.0013 

0.4358 

5.0043 

4.637 

Exp.  22... 

!:So  ■■ 

J 

S:?«8 

c'.iis 

2:Soo76  1    aial 

S:°°io 

o!7494 

l°™ 

i'Ml        IS 

"  S:;: 

I'S  " 

1 

i.m 

is 

S:SS2?1 

2:02 

S:ooio 

"ISJ 

i.m'   'iS 

se'nJvi' 

MScb"2a 

II.13II2 

0.237 

0.00087 

1,49 

9.0013 

,     0.4315 

5.9049 

4.731 

Exp   28..: 

1 

J 

J 

oisMS 

0:295 

III 

Ml 

0.0021 

,     0.5136 
O.G022 
0,6021 

olcsae 

II 

0:134        3:2311 

Exp.  a5. . . 

ll°02A.y 

"i 

1 1:«J 

S:S 

ilSi 

?ll 

S:S 

:   o^gn 

!;S 

I « :  2,1.5. 

''■^'■as' 

SI.reh21. 
9  36  *.M 

» 

oieTu 

Is 

S  i| 

o:°°3» 

O.S 

4:"'° 

7.814 
7:»I6  1 

7:804  '     3:2231 

oleooa 

1     0.8T02 

Exp.  id... 

ii""'^ 

1  i 

1  [[gg" 

o'Im 

i'.ml     Vw 

0  0057 

11 

6.0042 
5.9042 

9:907       3.2195 

Series  X 

Murch  23 

0.48a 

0.00                 .1 

' 

0.     43 

5. 

" 

Exp.  r.r.. 

1U3  '■" 

J 

i:E 

i:i 

OOMM       j'ls 

S'oOTO 

1  i;K 

5!  0038 

15:11?   ""' 

H... 

11  SO    •■ 

' 

j     0.91S0 

o.tao 

0.NMS2  '    1.79 

o'.oosi 

9.0541 

4.0055 

12.1*7  1  s-bsea 

<• 


Ill 

The  absolute  values  of  the  co-efficient  b  were  increased  in  all  cases  ; 
from  20  to  35  per  cent,  with  the  smaller  depths  on  the  weir,  and  from  3 
to  5  per  cent,  with  the  largest  depths. 

The  marked  decrease  in  the  co-efficients  with  the  increasing  depths 
on  the  weir  was  still  more  noticeable  than  before.  The  variation  in  the 
co-efficients,  occasioned  by  the  different  forms  of  weir  used,  remained 
practically  unchanged. 

The  comparisons  just  given  indicate  that  there  is  no  probable  error  in 
the  formulae  for  discharge  which  would  be  sufficient  to  account  for  the 
marked  variation  found  in  the  co-efficient. 

The  correction  for  velocity  of  approach,  as  given  by  us,  is  much 
larger  than  that  generally  used  ;  but  the  effect  of  reducing  this  correction 
would  be  to  increase  the  peculiar  variations  of  the  co-efficients. 

One  other  feature  of  the  experiments  may  be  noticed.  In  the  case  of 
the  weir  without  end  contractions,  there  was  some  friction  against  the 
boards  forming  the  ends  of  the  weir,  and  in  consequence  the  effect  of 
end  contraction,  as  obtained  from  the  experiments,  is  not  its  total  effect ; 
but  it  is  diminished  by  a  part  or  the  whole  of  the  end  friction.  This 
may  have  some  effect  upon  the  absolute  value  of  the  co-efficients  ;  but  it 
does  not  seem  probable  that  it  would  change  much  their  relations  to 
each  other. 

With  regard  to  the  practical  application  of  this  series  of  experiments 
we  can  say  but  little. 

The  different  forms  of  weir  have  very  different  co-efficients,  and  the 
variety  of  forms  experimented  upon  is  not  sufficient  for  determining  the 
laws  by  which  the  co- efficients  vary.  Within  the  limits  of  the  experi- 
ments the  results  at  each  form  of  weir  are  represented  fairly  by  the 
straight  lines  shown  on  the  diagram  (Plate  XI)  ;  but  it  is  evident  that 
these  lines  could  not  be  extended  to  large  depths,  else  the  depth  would 
be  reached  at  which  the  correction  would  be  zero,  which  is  absurd. 

With  depths  on  the  weir  smaller  than  three  inches,  it  is  probable 
that  the  cohesion  of  the  water  and  its  adhesion  to  the  ends  of  the  weir 
would  diminish  the  effect  of  the  end  contraction.  For  the  reasons  just 
given,  we  would  limit  the  application  of  these  experiments  to  cases  in 
which  the  form  of  and  depths  on  the  weir  are  the  same  as  at  those 
experimented  upon. 

The  chief  value  of  these  experiments  consists  in  the  warning  they 
give  that  this  form  of  weir  should  be  avoided  in  cases  where  the  most 
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accurate  results  are  desired.  In  this  connection  it  should  be  remem- 
bered that  for  weirs  with  end  contractions,  the  efifect  of  velocity  of  ap- 
proach varied  largely  with  the  form  of  the  weir.     (See  page  21  et  seq. ) 

When  it  is  necessary  to  change  the  length  of  the  weir  to  accommo- 
date varying  volumes  of  water,  the  introduction  of  end  contraction  is  a 
great  convenience.  In  this  case  we  would  recommend  the  use  of  one 
end  contraction  rather  than  two. 


KECAPITULATION. 

The  following  statements  review  in  a  summary  manner  the  different 
formulae  given,  and  the  principal  limits  to  their  applicability.  It  may 
also  serve  as  an  index  to  the  portions  of  the  paper  which  treat  of  the 
practical  application  of  the  formulae. 

The  general  formula  for  the  discharge  over  the  simplest  form  of  sharp- 
crested  weir  is 

Q  =  3. 'iil  Lh'^-\- 0.007  L.     (See  page  82.) 

To  allow  the  use  of  this  formula  without  any  correction,  the  weir 
should  have  a  level  crest  and  vertical  ends  ;  it  should  be  made  in  a  dam 
vertical  on  its  up-stream  side  ;  end  contractions  should  be  suppressed  ; 
the  width  of  the  crest  should  be  so  narrow  that  the  water  will  not  touch 
it  after  passing  the  up-stream  edge,  which  should  be  sharp  ;  the  depth 
on  the  weir  should  be  measured  from  the  surface  of  the  water  above  the 
curvature  of  the  sheet ;  air  should  have  free  access  to  the  space  beneath 
the  sheet  of  water,  and,  when  this  condition  is  fulfilled,  the  effect  of 
raising  the  water  on  the  down-stream  side  to  the  level  of  the  crest  will 
not  be  noticeable,  provided  the  water  has  considerable  depth  ;  nor  will 
the  error  exceed  one  per  cent,  if  the  water  is  allowed  to  rise  above  the 
level  of  the  crest  until  15  per  cent,  of  the  depth  on  the  weir  is  sub- 
merged.    (See  page  103.) 

The  formula  does  not  apply  to  depths  on  the  w^eir  less  than  0 .  07  feet. 
When  the  depths  become  large  its  application  will  be  limited  by  the 
difficulty  in  making  the  proper  correction  for  velocity  of  approach. 
This  last  condition  cannot  be  entirely  eliminated  in  any  case,  though  its 
effect,  in  some  cases,  may  be  neglected  ;  when  it  becomes  important,  cor- 
rection will  be  made  for  its  effect  by  adding  to  the  observed  depth  on 
the  weir  ;  to  make  this   correction  accurately,  it  is  necessary  that  the 
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EXPLANATIONS. 

Experiments  upon  weirs  Nos.  2  &  3  are  shown  thus  : —      X 
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channel  of  approach  should  be  unobstructed  for  a  sufficient  distance 
from  the  weir,  and  rectangular  and  uniform  in  section  ;  also  that  the 
depth  on  the  weir  should  be  taken  in  a  proper  manner,  and  that  the 
velocities  in  different  parts  of  the  cross-section  be  nearly  uniform. 

If  sufficient  care  is  taken  the  correction  can  be  made  without  im- 
portant error  when  the  depths  of  the  channel  below  the  crest  is  only 
0.5  feet ;  it  is  better,  however,  to  make  the  channel  as  deep  as  possible. 

The  correction  for  velocity  of  approach  is  furnished  by  the  formula 

C  =  ch.     (See  page  10). 

In  the  case  of  the  weir  without  end  contraction  c  has  a  general  value 
of  about  1.5  ;  but  can  be  obtained  more  accurately  for  different  circum- 
stances from  Table  I. ,  page  12.  In  some  instances,  labor  may  be  saved 
by  taking  the  correction  directly  from  the  diagram  on  Plate  V. ,  page  52. 

When  end  contraction  exists  c  has  a  general  value  of  2.05,  but  a 
somewhat  more  accurate  correction  may  be  obtained  by  following  the 
rules  given  on  page  21.  The  correction  for  this  form  of  weir  is  less 
definite  than  in  the  preceding  case. 

If  the  head  is  taken  at  the  bottom  of  the  channel  near  the  weir,  a 
correction  can  be  made  for  it  (see  pages  24-30) ;  but  it  is  better,  when 
practicable,  not  to  take  the  head  at  that  point. 

The  conditions  required  for  the  proper  application  of  the  general 
weir  formula  can  usually  be  complied  with  except  in  the  case  of  velocity 
of  approach.  If  necessary,  however,  a  correction  can  be  made  for  the 
following  modifications  : 

End  Contraction. — Correction  for  the  effect  of  end  contraction  can  be 
made  by  reducing  the  length  of  the  weir,  using  for  this  purpose  the 
formula  G=^bH.     (See  page  109. ) 

The  general  value  of  h  may  be  called  0.1,  as  recommended  by  Mr. 
Francis.  Our  own  experiments  show,  however,  that  the  value  of  b 
varies  largely  with  the  form  of  and  depth  on  the  weir,  so  that  any  con- 
stant CO- efficient  is  but  an  approximation. 

The  co-efficients  for  the  forms  of  weir  experimented  upon  may  be 
taken  from  the  diagram,  Plate  XI.,  page  112.  With  the  present  infor- 
mation on  the  subject,  end  contraction  is  a  source  of  error,  and  should 
be  avoided  if  practicable. 

Width  of  Crest. — When  the  depth  on  the  weir  is  more  than  1.6  times 
the  width  of  the  crest,  it  is  necessary  to  observe  the  sheet  and  notice 
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whether  it  adheres  to  the  crest  or  lifts  entirely  from  it,  touching  only 
the  up-stream  edge. 

In  the  latter  case  it  is  obvious  that  no  correction  is  necessary. 

In  all  cases  in  which  the  sheet  adheres  to  the  crest,  modify  the  ob- 
served depth  on  the  weir  by  adding,  algebraically,  the  corrections  given 
in  Table  XXIII. ,  page  96.  For  the  limits  to  the  applicability  of  this 
formula  see  page  95. 

Up-stream  Edge  of  the  Weir  Rounded. — If  the  up-stream  edge  of  the 
weir  is  a  small  quarter  circle,  add  seven- tenths  of  its  radius  to  the  depth 
on  the  weir  before  applying  the  general  weir  formula.     (See  page  98. ) 

Height  of  Water  on  the  Down-stream  Side. — When  the  water  on  the 
down-stream  side  rises  above  the  level  of  the  crest,  use  the  formula  for  a 
submerged  weir, 

§  =  c  /  (  d  +  |'~)  y ;r      (See  page  102. ) 

The  value  of  c  in  this  formula  varies  with  the  ratio  of  — ^    and   may 

d 

be  taken  from  Table  XXVI. ,  page  105.  For  the  limits  to  the  applica- 
bility of  the  formula,  see  page  106. 


FLOW  IN  THE  CONDUIT. 

As  it  has  been  mentioned  in  the  beginning  of  this  paper,  the  weirs 
described  in  these  pages  have  been  used  for  ascertaining  the  flowing 
capacity  of  the  Sudbury  River  Conduit.  The  experiments  made  for 
this  purpose  were  conducted  with  care,  and,  to  do  justice  to  them,  they 
should  be  described  at  some  length  ;  but  as  this  paper  may  be  found 
already  too  long,  and  because  circumstances  might  prevent  the  prepara- 
tion of  another  with  sufficient  details,  it  may  be  well  to  indicate  briefly 
here  the  results  obtained. 

The  conduit  is  generally  nine  feet  wide  and  seven  feet  eight  inches 
high,  of  the  form  shown  by  Fig.  3,  Plate  II.  Its  interior  lining  is  of 
brick,  built  to  conform  very  closely  to  the  theoretical  section  ;  but,  for 
the  purposes  of  the  experiments,  numerous  measurements  were  made  to 
ascertain  its  exact  size.  The  tunnels,  siphon  and  other  portions  of  the 
conduit  on  bridges  or  embankments  vary  from  the  standard  section  just 
described,  either  in  the  nature  of  the  lining  or  in  their  form,  or  in  both. 
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thus  permitting  experiments  to  be  made  upon  the  flow  under  different 
conditions. 

The  inclination  of  the  conduit  is  one  foot  per  mile. 

The  well-known  formula  of  Chezy,  v  =c  'J Rl,  was  selected  to  cal- 
culate the  results,  on  account  of  its  simple  form. 

In  this  formula 

V  represents  the  velocity  in  feet  per  second, 
c  "  a  co-efficient, 

R        *'  the  hydraulic  mean  depth, 

/         **  the  sine  of  the  inclination. 

c  was  found  to  be  a  variable  quantity,  which  increased  with  the 
hydraulic  mean  depth  and  with  the  smoothness  of  the  lining. 

Table  XXIX. ,  which  has  been  prepared  from  the  mean  results  of  the 
principal  series  of  experiments  on  the  flow  of  the  conduit  where  it  is 
lined  with  brick,  gives  the  various  values  of  c  corresponding  to 
hydraulic  mean  depths  varying  from  0 . 1  feet  to  2 . 7  feet. 


TABLE   XXIX. 

Values  of  the  Co-efficient  r  in  the  FoKMUiiA   i-  =  c  ^  B 1. 
The  Limits  of  the  Experiments  are  from  R  =  0.5  to  Ji=  2.33  feet. 


Hydraulic 

Mean  Radius 

R. 

Co-efficient 
c. 

Hydraulic 

Mean  Radius 

R. 

1 

Co-efficient 
c. 

Hydraulic 

Mean  Radius 

R. 

Co-efficient 
c. 

0.1 

96.3 

1.0 

127.0 

1.9 

137.1 

0.2 

104.7 

1.1 

128.5     1 

1 

2.0 

137.8 

0.3 

109.9 

;            12 

129.8     i 

1 

2.1 

138.5 

0.4 

113.8 

1.3 

131.1 

1           2.2 

139.1 

0.5 

116.9 

1.4 

132.2     ' 

2.3 

139.6 

0.6 

119.4 

j           1.5 

133.3 

2.4 

140.0 

0.7 

121.7 

1.6 

134.4 

2 . 5 

140.4 

0.8 

123.6 

1.7 

135.3 

2.6 

140.6 

0  9 

125.4 

1.8 

136.2 

2.7 

140.8 
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The  formula 

r^l27i^«•^2/«•^ 

in  wliich  the  letters  v,  R,  I,  have  the  same  values  as  above,  gives  results 
identical  with  Table  XXIX.  when  the  value  of  E  is  below  1.6  feet. 
When  K  attains  2.5  feet  it  gives  results  1  per  cent,  too  large. 

As  the  flowing  capacity  of  a  channel  varies  sensibly  with  slight 
changes  in  the  nature  of  its  lining  and  with  its  cleanliness,  the  condition 
of  the  conduit  at  the  time  of  the  experiments  should  be  indicated. 

The  conduit  had  been  built  three  years  before  of  hard-burned  bricks, 
with  a  cement  joint  one-quarter  of  an  inch  in  thickness.  Being  below 
the  level  of  the  water  table  in  the  surrounding  ground,  portions  of  its 
sides  and  bottom  were  covered  with  a  white  coating  which,  for  the  pur- 
pose of  the  experiments,  was  removed  as  well  as  could  be  done  with 
hoes  and  brooms  ;  but  the  hardest  portion  of  that  deposit  was  left  ad- 
hering to  the  brick-work. 

Table  XXX. ,  which  has  been  prepared  for  practical  use  in  measuring 
the  flow  through  the  conduit,  may  have  some  general  interest,  and  is 
given  below  : 

TABLE   XXX. 

Table   of  Volumes   Flowing   in   the   Conduit  in  Million   Gallons  peu  24 
HOUKS,  Corresponding  to  Depths  above  Centre  of  Invert. 


Ft. 

0 

.1 

.•4 

.3 

.4 

.5 

.6 

.7 

•^ 

.9 

0 

0 

0.14 

0.32 

0.54 

0.90 

1.35 

1.99 

2.85 

3.82 

4.89 

1. 

().04 

7.29 

8. CI 

9.9:) 

11.41 

12.87 

14.37 

15.93 

17.55 

19.23 

2. 

'20.97 

22.75 

21.56 

26.39 

28.25 

30.1') 

32.08 

34.05 

36.04 

38.01 

3. 

40.00 

42.02 

44.08 

46.16 

48.25 

50.34 

.52.44 

54.52 

56.62 

58.71 

4. 

60.80 

62.89 

64.99 

67.08 

69.14 

71.17 

73.18 

75.18 

77.16 

79.13 

5. 

81.06 

82.95 

84.80 

8S.62 

88.43 

90.20 

91.92 

93.58 

95.15 

96.65 

6. 

98.19 

99.60 

101. 0L5 

102.29 

103.46 

104 .  ')5 

105..-)6 

106.47 

107.26 

107.91 

7. 

108.41 

108.79 

108.99 

108.99 

This  table  is  based  on  weir  measurements  of  quantities  up  to  seventy- 
two  million  gallons  per  24  hours  ;  the  rest  of  the  table  is  calculated. 

A  portion  of  the  conduit,  six  hundred  feet  in  length,  chosen  on  ac- 
count of  its  uniformity  ol  section  and  grade,   was  used  in  connection 
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with  the  smaller  weir  ;  the  experiments  were  made  six  months  after  the 
conduit  was  built,  when  the  white  coating  on  the  sides  was  soft  and 
could  be  scraped  oflf  so  as  to  leave  a  clean  brick  surface  ;  in  this  case  the 
flow  was  increased  about  1^  per  cent.,  and  is  represented  by  the  formula 

Where  the  inside  of  the  conduit  is  lined  with  a  coating  of  mortar 
made  of  pure  Portland  cement,  its  flowing  capacity  is  from  7  to  8  per 
cent,  greater.  This  coating,  although  applied  with  floats,  did  not  pre- 
sent as  smooth  a  surface  as  was  obtained  in  other  portions  of  the  conduit, 
where  experiments  would  probably  have  given  higher  results. 

In  some  parts  of  the  conduit  where  the  brick  surface  was  covered 
with  a  wash  of  Portland  cement  laid  with  a  brush,  the  flowing  capacity 
was  increased  to  the  extent  of  from  one  to  three  per  cent. 

For  a  long  tunnel  4  614  feet  in  length,  in  which  the  rock  sides  have 
been  left  ragged  for  4  362  feet  without  any  lining,  but  with  a  smooth 
concrete  floor,  the  co-efficient  in  the  same  formula  was  found  about  40 
per  cent,  smaller  than  for  the  brick  conduit,  the  hydraulic  mean  depth 
being  the  same. 

Although  the  rock  excavation  is  at  no  place  less  than  two  feet  wider 
than  the  internal  width  of  the  brick  conduit,  a  greater  inclination  of  the 
water  surface  was  required  to  flow  the  same  volume.  The  depth  of 
water  in  the  tunnel  during  the  tests  was  3 .  44  feet. 

For  some  iron,  coated,  siphon  pipes,  four  feet  in  diameter,  laid  as  a 
portion  of  the  conduit,  the  co-efficient  was  found  to  be  143  against  127 
for  the  same  hydraulic  mean  depth  in  the  brick  conduit.  143  is  the 
average  of  four  co-efficients  varying  from  140 .  14  to  146 .  67,  determined 
in  as  many  experiments  made  with  velocities  from  2.616  feet  to  6.195 
feet. 

Current  Meter. 

In  connection  with  the  construction  of  the  works,  the  flow  in  Sud- 
bury River  and  in  other  channels  was  measured  frequently  with  current 
meters  which  were  found  very  convenient,  and,  so  far  as  could  be  deter- 
mined by  practical  tests,  very  reliable.  While  observations  were  taken 
in  the  conduit  to  ascertain  its  flow,  these  instruments  were  accurately 
tested  by  comparing  the  velocities  of  the  water,  as  indicated  by  them, 
with  the  correct  velocities  calculated  from  the  weir  measurements. 
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The  current  meter  wliicli  was  the  most  used  during  these  observa- 
tions had  a  measuring  wheel  0 . 3  feet  in  diameter  ;  the  instrument  was 
so  protected  as  to  permit  the  measurement  of  velocities  within  a  very 
small  distance  of  the  sides  and  bottom  of  the  conduit,  and  its  construc- 
tion was  sufficiently  delicate  to  allow  of  the  registering  of  as  low  a 
velocity  as  0 . 1  feet  per  second. 

In  order  to  ascertain  the  mean  velocity  of  a  water  section,  it  was 
divided  into  a  number  of  small  squares  equal  in  area,  and  the  current 
meter  was  used  in  two  ways,  viz. : 

First,  by  leaving  it  an  equal  length  of  time  in  the  centre  of  each 
square,  recording  the  velocity  in  each  case  and  averaging  the  results. 

Second,  by  moving  it  slowly  with  uniform  velocity,  by  means  of  a 
special  apparatus,  throughout  the  whole  section,  in  such  a  manner  as  to 
leave  the  measuring  wheel  an  equal  length  of  time  in  each  square,  and 
deducing  the  mean  velocity  from  a  single  observation. 

The  meter  had  been  originally  rated  in  the  usual  way  by  moving  it 
in  a  straight  line  with  uniform  velocities  through  still  water  ;  but  as  the 
water  during  that  operation  does  not  act  on  the  instrument  in  exactly 
the  same  manner  as  when  it  is  held  still  or  moved  transversely  in  a  cur- 
rent, the  accuracy  of  its  readings  was  further  tested  by  trying  it  under 
various  conditions,  and  it  was  found  that,  whether  the  instrument  is  held 
still  or  moved  continuously  through  the  water  (provided  in  this  case  the 
velocity  of  the  motion  does  not  exceed  5  per  cent,  of  the  velocity  of  the 
current) ;  whether  the  velocity  of  the  water  is  large  or  small  ;  whether 
the  current  is  regular  or  very  irregular  (as  it  was  during  some  experi- 
ments when  the  flow  was  partially  obstructed  a  short  distance  above  the 
point  of  observation),  the  velocities  recorded  by  the  current  meter  did 
not  vary  more  than  one  per  cent,  from  those  indicated  by  the  weir 
measurement. 

If  the  transverse  motion  of  the  meter  is  too  rapid  it  will  furnish  too 
small  results  ;  an  extreme  case,  where  the  rate  of  motion  of  the  current 
meter  was  about  two-thirds  of  the  velocity  of  the  water,  showing  an 
error  of  about  9  per  cent. 
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THK  FLOW  OF  WATER  THROUGH  PIPES. 

By  Hamilton  Smith,  Jk.,  M.  Am.  Soc.  C.  E. 
Read  March  7th,  1883.* 


The  following  table  gives  the  results  of  88  experiments  as  to  the  dis- 
charge of  water  through  circular  pipes,  ranging  from  4  feet  to  ^  inch  in 
diameter,  and  with  velocities  varying  from  20  feet  to  ^th  of  a  foot  per 
second.  The  pipes  were  of  rolled  and  cast  iron,  glass  and  wood  ;  their 
interior  surfaces  varied  from  the  almost  perfect  smoothness  of  glass  to 
the  roughness  of  old  iron,  much  incrusted  by  the  continued  action  of 
soft  water. 

Of  the  88  experiments  given,  71  were  made  by  the  writer  of  this 
paper,  and  18  have  been  selected  from  standard  authorities,  for  the  pur- 
pose of  more  extended  comparison. 

Experiments  Nos.  1  to  15,  inclusive,  &c. ,  were  made  at  North  Bloom- 
field,  California,  with  three  pipes  laid  side  by  side  across  a  ravine  about 
100  feet  lower  than  the  penstock.  They  were  made  of  single-riveted  No. 
14  sheet  iron  ;  the  rivet  heads  had  worn  pretty  smooth,  and  no  deduction 
for  them  was  made  in  computing  the  areas.     The  pipes  had  been  care- 

*  The  discussion  upon  this  paper  will  be  published  ia  a  future  issue  of  the  Transactions. 
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fully  coated  when  first  laid  with  a  mixture  of  coal  tar  and  asphaltum, 
and  their  interior  surfaces  at  the  time  of  these  measurements  were  quite 
smooth.  They  were  put  together  in  slightly  conical  joints,  the  greatest 
variation  in  diameter  being  about  itli  of  an  inch.  The  main  joints 
were  some  20  feet  in  length,  put  together  stove-pipe  fashion,  as  is 
always  done  in  the  California  hydraulic  mines.  The  various  heads  were 
obtained  by  adding  to  the  length  of  the  pipes  at  their  outlet. 

The  heads,  lengths  and  mean  diameters  are  given  with  exactness. 
The  amount  of  discharge  was  measured  by  running  the  water  over  an 
iron  weir,  the  co- efficients  of  whose  discharge,  with  varying  depths,  had 
been  carefully  determined  by  absolute  measurement,  but  at  another  point, 
and  under  conditions  not  exactly  similar.  This  gauging  was  done  with 
all  the  care  practicable,  the  height  of  the  water  being  measured  with  a 
Boyden  hook  gauge,  reading  to  .001  of  an  inch.  The  limit  of  possi- 
ble error  in  these  experiments  is  probably  not  over  2  per  cent. 

Experiments  Nos.  6  and  7,  however,  are  somewhat  unreliable,  owing 
to  the  stoppage  of  a  stone  passing  through  the  pipe. 

The  co-efficient  of  contraction  is  assumed  at  1.  in  these  pipes,  as  each 
of  them  had  a  short  funnel-shaped  inlet,  which  was  included  in  the 
measurement  of  their  lengths. 

In  Nos.  1,  6  and  10,  the  discharge  was  into  a  pool  of  water  at  the  out- 
let box;  in  the  other  12  the  discharge  was  into  the  air. 

There  were  two  angles  in  the  line  of  these  pipes,  one  of  9°  and  the 
other  of  11°  ;  for  the  remainder  of  the  distance  they  were  nearly  straight; 
in  the  computations  no  deduction  was  made  for  these  bends. 

No.  17  is  based  chiefly  upon  data  given  to  the  writer  by  the  engineers 
who  had  the  hydraulic  works  of  the  Spring  Valley  Mining  Company  in 
Butte  County,  California,  in  charge.  It  may  be  incidentally  observed 
that  this  pipe  was  laid  in  1870,  and  has  remained  in  perfect  condition 
ever  since  its  construction.  It  is  made  of  double-riveted  sheet  iron, 
having  a  thickness  of  ^ths  of  an  inch  at  the  point  of  greatest  pressure, 
where  the  actual  head  is  887  feet.  The  maximum  tensile  strain  on  the 
iron  is  17.549  lbs.  per  square  inch. 

The  rivet  heads  for  one-half  the  length  of  the  pipe,  no  doubt,  per- 
ceptibly retarded  the  flow  of  water. 

Round  stones  weighing  about  25  lbs.  passed  through  the  pipe  with  a 
velocity  of  9.0  feet  per  second,  while  the  computed  velocity  of  the  water 
was  10.78  feet. 
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No.  18  was  a  single-riveted  sheet-iron  pipe,  with  the  interior  surface 
worn  quite  smooth,  and  with  joints  put  together  stove-pipe  fashion. 

The  mean  diameter,  head  and  length,  are  given  with  exactness  ;  the 
discharge  was  measured  through  a  series  of  apertures,  no  great  accuracy 
being  practicable. 

The  limit  of  possible  error  in  this  case  may  be  as  much  as  4  per  cent. 

Nos.  22  to  28,  inclusive,  are  the  early  experiments  of  Couplet,  and 
seem  to  be  reliable. 

The  authorities  for  Nos.  16,  19  to  21,  and  29  to  34,  inclusive,  are  given 
in  the  table. 

Nos.  29  and  30,  being  the  Eochester  supply  main  of  two  different 
diameters,  show  an  apparently  excessive  discharge.  This  was  stated  to 
have  been  directly  measured  by  the  filling  of  a  reservoir  of  known  size. 

Nos.  31  and  32  are  given  as  illustrations  of  extremely  rough  surfaces. 
Mr.  Kirkwood  states  that  in  No.  32 — the  Jersey  City  main— the  pipe  was 
comparatively  new,  which  makes  the  very  low  co-eflScient  of  discharge 
quite  remarkable. 

Nos.  35  to  87  inclusive  were  made  by  the  writer  at  New  Almaden, 
California.  All  these  experiments  were  with  straight  pipes,  and  were 
made  with  considerable  accuracy. 

The  mean  diameters  were  computed  by  the  weight  of  water  con- 
tained in  the  pipes,  taken  by  the  sum  of  the  weights  in  the  several 
joints,  which  varied  slightly  from  the  mean  of  the  end  diameters  as 
directly  measured. 

The  discharge  was  determined  by  filling  a  tank  of  known  size. 

The  iron  gas-pipes  were  joined  by  their  usual  couplings.  The  ends 
of  the  glass  pipes  were  smoothly  ground,  and  a  water-tight  joint  made 
by  an  outside  rubber  band.  The  wooden  pipe  was  joined  by  usual  plug 
couplings. 

The  funnel  mouth-piece  for  the  inch  gas-pipe  was  10 i  inches  long, 
with  a  mouth  6^  inches  in  diameter  ;  the  funnel  for  the  inch  glass  pipe 
was  3^  inches  long,  with  mouth  5  inches  in  diameter.  These  mouth- 
pieces were  not  included  in  the  given  lengths  of  the  pipes. 

Nos.  35  to  52  inclusive  were  made  with  the  same  pipe,  which  was 
new  and  in  good  order;  it  was  first  used  without  a  mouth-piece,  then 
with  a  mouth-piece,  and  afterwards  the  pipe  was  dipped  in  a  bath  of 
boiling  coal-tar  and  asphaltum,  giving  it  a  very  smooth  coating. 

Nos.  53  to  56  inclusive  were  with  a  shorter  section  of  the  same  pipe. 
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The  pipe  used  in  Nos.  57  to  63  inclusive  had  been  in  use  for  several 
years,  was  rather  rusty,  and  was  slightly  incrusted  by  the  action  of  lime 
water.  The  method  of  obtaining  the  diameter — by  the  quantity  of  water 
contained— gave  the  exact  size  of  the  pipe  at  the  time  of  the  experiments. 

The  glass  pipes  used  were  new  and  unscratched,  of  French  manufac- 
ture, and  somewhat  conical.  There  were  twelve  joints  of  the  inch  pipe, 
which  were  nearly  evenly  matched  in  diameter  at  the  junctions  ;  the 
largest  diameter  was  .0875',  and  the  smallest,  .0717'. 

The  measuring  tank  held  15. 2  cubic  feet,  and  the  times  were  deter- 
mined to  ith  of  a  second. 

No.  88  was  with  a  new  inverted  siphon  of  double-riveted  sheet-iron 
pipe,  with  a  pressure  of  about  800  feet  at  the  lowest  point,  with  a 
maximum  tensile  strain  of  16  500  lbs.  per  square  inch,  and  with  most  of 
the  joints  made  by  sleeves  with  lead  packing.  It  was  coated  with  the 
usual  mixture  of  coal-tar  and  asphaltum. 

No  deduction  was  made  for  rivet  heads,  which  for  over  one-half  the 
length  doubtless  formed  noteworthy  obstructions,  as  the  pipe  was  of 
comparatively  small  diameter — 17  inches. 

The  mean  diameter,  head  and  length,  are  given  with  exactness.  The 
discharge  was  measured  first  by  the  flow  over  a  weir,  and  afterwards 
through  standard  apertures;  these  determinations  were  not  as  satisfac- 
tory as  could  have  been  desired,  although  three  sej^arate  trials  gave 
nearly  identical  results.  The  chances  are  that  the  discharge  was 
slightly  underestimated. 

A  noticeable  feature  in  this  experiment  is  the  fact  that  blocks  of 
wood,  loaded  to  a  specific  gravity  of  1.05,  passed  through  it  with  a 
velocity  of  20.9  feet  per  second,  while  the  calculated  velocity  of  the  water 
was  only  20.13  feet.  In  several  of  the  other  experiments,  similar  tests 
always  showed  a  less  speed  of  the  blocks  of  wood  or  stone  than  that  of 
the  water,  which  is  readily  to  be  accounted  for  by  the  blocks  striking 
the  rivet  heads.  In  No.  18  there  was  no  noteworthy  difference  between 
the  velocity  of  unloaded  wooden  blocks  and  that  of  rough  stones. 

In  all  the  experiments  made  by  the  writer  the  actual  or  total  head 
was  either  the  difference  in  elevation  between  the  surface  of  the  water 
in  the  pen-stock  and  that  in  the  outlet  tank,  or  the  difference  between 
the  water  in  the  pen-stock  and  the  centre  of  the  escaping  jet,  where  the 
pipe  discharged  into  the  air.  Experiments  35  to  87  inclusive  were  made 
under  the  latter  condition. 
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The  standard  of  measure  used  was  that  of  the  United  States  Coast 
Survey. 

The  temperature  of  the  water  in  Nos.  35  to  87  was  about  65-  Fahr. 
In  the  other  experiments,  from  50^  to  55°  Fahr. 

The  writer  here  desires  to  express  his  obligations  to  the  North 
Bloomfield  Gravel  Mining  Company,  and  to  Mr.  J.  B.  Randol,  manager 
of  the  Quicksilver  Company,  for  the  facilities  afforded  by  them  in  pur- 
suing these  investigations. 

These  88  experiments  have  all  been  reduced  to  the  simple  formula  : 

'A 


Where  v  =  velocity  in  English  feet  per  second. 

of  =  mean  diameter. 

I  =  length. 

h'  ==  effective  head. 

on  =z  variable  co-efficient. 
This  is  identical  with  the  usual  form  : 

V  =  n  {rs)  ^  ;  2  m  =  n. 

The  effective  head  h'  was  derived  from  the  total  head  h,  as  follows, 
c  being  co-efficient  of  contraction  at  entrance: 

h  ^'  =:  7^- - 

2  gc^. 

The  comparative  results  of  these  experiments  are  best  shown  by  the 
following  graphic  delineations,  the  co-efficients  m  being  used  as  ab- 
scissae, and  the  velocities  in  feet  per  second  as  ordinates. 

Sheet  A  shows  that  the  value  of  in  varies  with  : 

First. — The  character  of  the  interior  or  wetted  surface,  being  very 
low  with  small,  rough  pipes. 

Second. — It  increases  with  the  velocity  with  smooth  pipes,  but  this 
increase  is  slight  with  small  rough  pipes. 

Third. — It  increases  with  the  diameter,  which  is  to  some  extent  a 
sequence  of  the  first  proposition. 

It  may  be  observed,  in  connection  with  the  second  proposition,  that 
the  co-efficient  in  will  be  infinitesimal,  with  an  infinitesimal  velocity. 
In  fact,  with  a  minutely  appreciable  head,  m  will  probably  still  remain 
infinitesimal,  owing  to  the  viscosity  of  the  water. 
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The  value  of  m,  at  first  increases  very  rapidly  with  the  increase  in 
velocity  ;  this  increment  gradually  diminishes  until, "with'high  velocities, 
m  becomes  nearly  constant. 

Mr.  I.  T.  Fanning,  in  his  "  Treatise  on  Water  Supply  En- 
gineering," arrives  at  the  same  three  general  conclusions  as  those  here 
given. 

On  sheet  A,  Plate  XII. ,  are  drawn  curved  lines  representing  different 
diameters  from  \  inch  to  30  inches.  The  intersection  of  these  curves 
and  the  horizontal  velocity  lines  are  intended  to  show  the  varying  values 
of  771— the  vertical  lines — as  indicated  by  those  88  experiments,  for 
smooth  pipes,  and  with  velocities  ranging  from  1  foot  to  15  feet  per 
second. 

The  data  for  the  1-inch  and  15-inch  curves  seem  to  be  fairly  complete. 
The  curves  between  the  diameters  have  been  interpolated  ;  those  from 
18  to  30  inches  have  been  added  by  analogy.  Experiments  Nos.  18,  29, 
30  and  88  seem  to  show  that  for  these  larger  diameters  the  value  of  m  is 
placed  too  low. 

As  the  smoothness  of  surface  is  such  an  important  factor  in  diameters 
of  less  than  30  inches,  and  as  in  ordinary  practice  there  are  such  wide 
differences  in  this  respect,  any  diagram  or  formula  must  be  modified 
by  the  constructing  engineer  to  suit  the  varying  conditions  of  the 
problem. 

On  Sheet  B,  Plate  XIII.,  are  plotted  on  a  much  larger  scale  most  of 
the  new  Almaden  experiments,  for  the  purpose  of  more  accurate  com- 
parison. 

It  will  be  observed,  upon  inspection,  that  35-41  and  42-48  form 
identical  curves ;  after  the  same  pipe  was  coated — 49  to  52— the 
value  of  m  was  slightly  increased  for  velocities  above  4  feet,  although  the 
diameter  was  a  trifle  diminished  by  the  coating.  The  glass  pipe  of 
.0764'  diameter  shows  the  same  value  of  m  as  the  iron-coated  (tarred)  pipe 
of  .0873'  diameter. 

The  accuracy  of  the  new  Almaden  experiments  is  verified  by  the  regu- 
larity shown  by  plotting  their  results.  This  is  not  surprising,  as,  owing  to 
the  small  quantity  of  water  handled,  it  was  comparatively  easy  to  measure 
it  with  much  accuracy. 

In  the  larger  pipes,  one  of  which  discharged  50  cubic  feet  per  second, 
it  was  not  practicable  to  measure  the  water  directly,  on  account  of  the 
large  outlay  which  would  have  been  requisite  to  build  measuring  tanks. 
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Any  indirect  measurements  of  flowing  water,  either  over  weirs  or 
through  standard  apertures,  are  always  unsatisfactory,  as  the  slightest 
change  in  the  conditions  will  affect  the  accuracy  of  the  results. 

A  discordance,  however,  is  to  be  noted  in  these  experiments  (35  to 
87),  which  is  the  low  value  of  m  in  the  pipe  16|  feet  long,  when  com- 
pared with  its  value  in  the  pipe  60  feet  long  (49  to  52)  of  the  same 
diameter. 

This  discordance  leads  to  the  l)elief  that  the  usual  correction 
for    loss     of      head      due      to      imparting      velocity      to      the     water 

( loss  of  such  head  =  ^ )  should  be  modified.     The  discrepancy  can 

hardly  be  caused  by  the  deduction  for  contraction  at  the  orifice,  as 
Experiments  35  to  41,  and  42  to  48,  give  practically  identical  curves, 
and  where  first  a  considerable  correction  was  given  for  the  contraction, 
and  afterwards  with  the  same  pipe,  a  very  slight  correction  for  the  same 
cause. 

An  extended  series  of  experiments  with  pipes  of  the  same  size,  but 
of  widely  differing  lengths,  made  with  proper  care,  is  much  to  be  desired, 
in  order  to  definitely  settle  this  point. 

It  may  be  remarked  that  some  150  additional  experiments,  made  by 
standard  authorities,  have  been  carefully  tabulated  for  purposes  of 
comparison  with  the  88  here  given.  They  were  not  used  in  preparing 
the  curved  lines  on  the  diagram,  as  their  results  were  often  contradictory, 
although  generally  confirming  the  correctness  of  the  three  general  pro- 
positions before  stated. 

The  importance  to  the  hydraulic  engineer  of  this  question  is  best  ap- 
preciated by  the  statement  that  the  experiments  given  show  a  variation 
in  the  value  of  ')n  from  33  to  67 . 

The  first  87  had  been  tabulated  by  the  writer  before  he  designed  and 
built  the  Texas  Creek  pipe — No.  88.  The  expected  value  of  m  for  this 
siphon  was  then  fixed  at  66.5,  this  value  being  deduced  from  the  pre- 
ceding tests.  The  trial  test  of  this  pipe  showed  a  value  of  65.56,  which, 
as  stated  before,  is  probably  slightly  less  than  its  real  value. 


No  attempt  has  been  made  to  prepare  a  formula  which  would  meet 
the  many  varying  conditions  of  this  problem.  Any  such  formula  would 
necessarily  be  complicated  and  inconvenient  for  general  use. 
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DISCUSSION 


Bj  John  B.  Jervis,  Charles  Paine,  E.  P.  Vining,  Joseph  S.  Paxson, 
J.  Gardner  Sanderson,  Charles  E.  Emery,  O.  Chanute,  Charles 
H.  Fisher,  H.  Bissell,  M.  N.  Forney,  Theodore  Cooper,  Wil- 
liam P.  Shinn,  and  Robert  L.  Harris. 


John  B.  Jervis,  Hon.  M.  Am.  Soc.  C.  E.  (by  letter  to  the  Secre- 
tary).— I  thank  you  for  an  advance  copy  of  Transactions  of  the  Society, 
containing  the  paper  of  Wm.  P.  Shinn,  Esq.,  M.  Am.  Soc.  C.E.  I 
have  read  the  paper  of  Mr.  Shinn  with  much  interest.  It  is  the  work 
of  a  man  who  has  profoundly  studied  the  subject  of  an  important  public 

♦Transactions,  Am.  Soc.  0,  E.,  Vol.  XI.,  p.  365,  November,  1882. 
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interest,  and  I  regard  it  as,  a  credit  to  the  Society,  and  of  great  value  to 
all,  especially  railway  proprietors. 

Mr.  Sliinn  must  have  devoted  great  labor  in  gathering  the  very  valua- 
ble statistics  he  has  presented.  They  in  themselves  show  the  vast  pro- 
gress of  railway  interests. 

Few  at  the  present  day  can  appreciate  either  the  original  difficulties 
in  this  comparatively  new  method  of  transport,  nor  the  great  stride  that 
has  been  made  in  its  efficiency.  It  has,  no  doubt,  been  one  of  the  most 
important  factors  in  the  great  national  progress  of  our  country  and  of 
the  civilized  world. 

The  great  thing  for  the  Society  to  consider  is,  the  particulars  on 
which  Mr.  Shinn  relies  to  support  the  argument  of  his  paper. 

The  paper  claims  increased  efficiency  and,  of  course,  economy  in  rail- 
way freights. 

The  first  item  relates  to  improved  road-bed  and  rails.  These  should 
always  go  together,  as  a  poor  road-bed  will  not  be  made  good  by  merely 
a  good  rail.  We  commenced  building  railways  when  we  had  little 
money,  and  adopted  the  iron  rail  before  we  made  corresponding  im- 
provements in  road-bed.  The  road-bed  was  improved  but  slowly,  but  it 
did  improve,  and  would  have  made  greater  progress  had  not  financial 
considerations  prevented.  Though  the  early  railways  were  much  inferior 
to  what  they  should  be,  and  what  they  now  are,  their  value  in  transpor- 
tation was  then  so  obvious,  that  everyw^here  men  were  anxious  to  have 
them,  and  made  constant  eff'ort  to  find  means  for  their  construction. 

The  road-bed  was  the  most  neglected  part  in  the  early  railways.  It 
was  considered  an  iron  rail  would  make  all  good.  The  necessity  of 
thorough  drainage,  on  which  a  bed  of  hard  and  porous  materials  could 
maintain  uniform  su  pport  for  the  rails,  has  only  grown  with  the  experi- 
ence that  developed  its  necessity.  Great  improvement  has  been  made 
in  this  feature,  but  it  needs  much  further  improvement  before  we  can 
say  our  railway  beds  are  complete.  An  important  defect  in  construction 
has  often  arisen  from  efforts  to  cheapen  cost  by  laying  the  bed  too  low 
to  admit  proper  drainage,  and  this  has  only  been  partially  remedied. 
In  many  places  the  bed  must  be  still  more  lifted  in  order  to  secure  effi- 
cient drainage  for  a  good  road-bed. 

Next  to  the  bed  comes  the  rail.  In  regard  to  the  superiority  of  steel, 
as  compared  with  iron  rails,  I  have  not  the  statistics  necessary  to  form  a 
confident  opinion.     As  Mr.  Shinn  very  justly  observes,  this  must  be  de- 


128 

termined,  not  by  the  time  in  use,  but  by  the  weight  of  traffic  they  carry. 
This  is  apt  to  vary  so  much,  that  great  care  in  collecting  statistics  is 
quite  necessary  to  any  accurate  determination  of  the  question.  In  the 
early  days  of  railways  it  was  quite  common  for  iron  rails  to  carry  double 
the  traffic  of  those  subsequently  used,  and  at  the  time  steel  was  intro- 
duced our  iron  rails  were  poor,  and  did  not  economically  bear  the 
weight  put  upon  them.  Steel  rails  were  therefore  introduced  at  a  favor- 
able juncture.  But  as  they  were  about  double  the  cost  of  iron,  they 
came  into  use  very  slowly,  and  with  light  section.  The  latter  evil  was 
remedied  when  the  cost  per  ton  of  steel  became  about  the  same  as  iron, 
and  now  the  weight  of  steel  is  a  less  objection  than  formerly,  or  none  at 
all,  as  compared  with  iron. 

It  is  obvious,  the  increased  weight  a  steel  rail  will  carry  economically 
depends  on  the  firmness  and  uniformity  of  the  road-bed.  I  presume 
the  latter  has  been  improved  since  the  introduction  of  steel.  The  road- 
beds for  iron  rails  were  never  adequate  to  sustain  properly  the  iron 
rail,  and  were  in  course  of  improvement  when  steel  was  introduced. 
No  doubt  the  road-beds  have  been  more  improved  for  steel  rails.  So, 
the  utility  of  any  rail  depends  much  on  the  road-bed.  I  therefore  con- 
sider the  question  of  rail  as  closely  connected  with  road-bed. 

In  his  estimate  of  the  superiority  of  steel,  I  presume  Mr.  Shinn  has 
considered  it  in  connection  with  corresponding  improvement  in  road- 
bed ;  still  I  think  his  estimate  of  economy  is  rather  large,  though  it  has 
no  doubt  greatly  increased  railway  efficiency. 

The  improvement  noticed  by  Mr.  Shinn  in  increase  of  double  track 
and  sidings  is  obvious.  A  single  track  railway  will  do  a  large  business, 
but  its  increase  of  traffic  will  necessitate  a  double  track  on  the  basis  of 
economy.  In  any  case  there  is  great  importance  in  the  arrangement 
of  terminal  side  tracks.  In  early  days  this  was  not  fully  appreciated. 
Experience,  with  much  study,  was  needed  to  arrange  a  system  of  terminal 
side  tracks.  No  doubt  great  improvement  has  been  made,  and  more  is 
needed.  It  requires  careful  study,  with  experience,  to  arrange  a  system 
of  terminal  side  tracks  for  the  most  convenient  operation. 

A  point  of  much  importance,  as  noted  by  Mr.  Shinn,  is  the  relation 
of  load  and  empty  weight  of  freight  cars.  The  case  he  shows  is  very 
striking.  An  increase  in  the  weight  of  car  of  1  500  pounds,  or  three- 
quarters  of  a  ton,  being  found  sufficient  for  a  10-ton  increase  of  paying 
load,  is  very  important.     I  have  long  been  of  the  opinion  that  the  old 
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10-ton  cars  were  much  heavier  than  necessary.  I  therefore  readily  ap- 
preciate this  benefit,  which  is  very  obvious  when  it  is  considered  that  all 
unnecessary  weight  of  car  involves  the  carrying  of  so  much  load  for 
nothing. 

No  doubt  improvement  has  been  made  in  administration,  but  it  seems 
Mr.  Shinn  does  not  show  that  this  has  been  true  in  all  cases.  The  sig- 
naling is  no  doubt  a  benefit  both  in  regard  to  safety  and  efficiency,  and 
is  a  very  important  matter. 

The  capacity  of  administering  the  service  of  cars  does  not  appear  to 
have  been  an  improvement.  No  fault  of  the  cars  if  they  are  unneces- 
sarily left  on  side  tracks.  This  proves  a  no  small  delinquency  in  man- 
agement, and 'will  be  corrected  when  railway  managers  find  this  portion 
of  their  cars  do  not  pay. 

Mr.  Shinn  has  searched  out  and  presented  his  claim  to  increased  effi- 
ciency, and  has  afforded  to  railway  managers  very  important  suggestions 
for  managing  their  property.  A  very  valuable  feature  of  Mr.  Shinn's 
paper  is  its  showing  of  the  necessity  of  skill  in  conducting  railway 
operations.  Some  of  the  operations  are  very  simple,  but  for  the  most 
part  require  large  experience  and  careful  thought. 

While  I  think  Mr.  Shinn  has  ably  made  out  his  case  of  increased 
facilities  of  railways,  I  will  suggest  one  point  he  seems  to  have  omitted. 
In  this  I  have  no  desire  to  impair  any  improvement  he  has  presented.  I 
refer  to  the  tractile  power  of  a  locomotive  on  a  railway.  In  about  1824 
it  was  scientifically  set  forth  that  the  tractile  power  of  adhesion  was  -h 
the  insistent  weight  on  the  rail.  In  this  view  of  the  question,  the 
Liverpool  and  Manchester  Eailway,  in  England,  was  considered  to  require 
stationary  machinery  to  move  on  a  grade  of  about  50  feet  to  the  mile. 
This  looks  singular  at  this  day.  It  was  a  question  that  called  a  council 
of  engineers  to  examine  and  report  upon  it,  after  projects  had  been  made 
for  stationary  engines.  This  council  decided,  after  a  labored  investiga- 
tion, to  recommend  the  stationary  engines.  Mr.  Stephenson,  the  engi- 
neer of  the  railway,  had  more  faith  in  adhesion,  and  was  so  persistent  that 
the  managers  finally  yielded.  It  was  soon  demonstrated  that  adhesion 
could  be  relied  on  at  a  higher  ratio.  In  1828,  in  presenting  my  report 
on  the  Carbondale  Railway,  I  ventured  to  take  the  adhesion  at  iVj  which 
then  appeared  as  large  as  could  be  Justified.  In  my  report  on  the  Hud- 
son River  Railway  in  1846,  I  assumed  the  adhesion  at  i,  a  great  advance, 
that  seemed  justified  by  the  experience  at  that  time.     Now  I  suppose  it 
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would  not  be  taken  at  less  than  i,  or  five  times  greater  than  in  1824. 
This  has  been  a  gain  growing  steadily  for  near  50  years.  It  was  well 
known  that  friction  of  iron  on  iron  was  about  i,  but  it  was  supposed  that 
the  rain,  frost  and  fine  mud  would  so  impair  this  that  it  could  only  be  re- 
lied on  in  all  conditions  of  the  rail  to  meet  the  rate  of  -2V.  This  principle 
of  adhesion,  that  started  so  timidly  in  1824,  has  been  so  gradually  and 
almost  imperceptibly  advanced,  as  to  show  a  five-fold  increase  in  its  use- 
ful power.  In  fact  I  know  of  no  means  of  tractile  efficiency  that  is 
■equal  to  steam  power  applied  by  adhesion  to  the  rail. 

If  anything  more  was  needed  to  confirm  Mr.  Shinn's  position  of  im- 
proved efficiency  in  railway  transport,  it  is  easy  to  find  it  in  general 
results.  A  few  years  since  it  was  confidently  considered  by  the  friends 
of  the  Erie  Canal,  of  New  York,  that  the  canal  would  be  fully  able  to 
sustain  its  freight  traffic  as  against  railway  competition.  But  as  time 
moved  on  it  was  found  necessary  to  reduce  canal  tolls.  This  was  done 
year  after  year,  the  tolls  became  very  small,  and,  as  we  now  see,  they 
are  wholly  removed,  the  State  to  make  repairs  and  sustain  all  other  ex- 
penses for  maintenance,  making  the  canal  free  of  tolls.  In  fact,  the  canal 
pays  nothing  for  its  cost  or  maintenance.  This  fact  speaks  volumes  for 
the  power  of  railways  as  a  superior  means  of  transport.  It  has  been 
growing  for  50  years,  and  it  is  now  a  question  if  the  free  Erie  Canal, 
worked  by  the  old  method  of  animal  power,  will  do  more  than  maintain 
a  bare  existence. 

It  is  now  clear  that  if  the  canal  is  to  be  made  an  important  channel  of 
transport,  it  must  use  locomotive  steam  engines,  moving  on  rails.  There 
is  no  propeller  that  can  equal  locomotives,  as  above,  in  economy  of  trac- 
tion. 

With  the  foregoing  general  remarks,  I  close  my  notice  of  a  paper 
that  fully  speaks  for  itself  in  ably  illustrating  an  important  subject. 

Chakles  Paine,  M.  Am.  Soc.  C.  E. — No  person  can  read  Mr.  Shinn's 
admirable  paper  without  instruction,  and  by  those  interested  in  railroad 
management  it  will  be  found  full  of  valuable  suggestions. 

In  reference  to  detention  of  cars  at  stations  and  private  sidings,  he 
advises  a  low  rate  of  demurrage  as  the  remedy  for  the  difficulty;  and  it 
may  be  of  use  for  me  to  add  that  this  experiment  has  been  often  tried, 
and,  so  far  as  I  have  been  able  to  learn,  with  entire  success,  whenever 
the  penalty  has  been  regularly  and  persistently  exacted. 

The  habits  of  men  of  business  are  all  opposed  to  the  payment  of 


I 


131 

any  sum,  however  small,  in  consequence  of  delays  which  by  promptness 
and  proper  arrangements  beforehand  could  have  been  avoided.  I  have 
no  doubt  that  a  penalty  of  twenty  cents  per  day  for  the  detention  of  a 
car  would  prove  very  efifectaal;  fifty  cents  per  day  has,  within  my  own 
experience,  sufficed  to  prevent  improper  delays  to  cars  where  careless- 
ness and  indifference  about  unloading  had  been  the  rule.  But  this 
penalty  will  not — I  might  almost  say  cannot— be  enforced  by  the  freight 
department  as  it  is  generally  organized  upon  American  railroads;  some 
other  department — as  the  superintendent's,  for  instance — must  be 
entrusted  with  its  enforcement.  Our  freight  departments  are  con- 
structed with  a  view  to  obtaining  the  largest  amount  of  freight,  and  will 
do  nothing,  willingly,  which  will  seem  to  require  the  shipper  or  con- 
signee to  conform  to  any  rule  as  to  time  of  unloading,  fgr  fear^that  some 
other  road  may  not  require  it. 

Mr.  Shinn  again  hits  the  nail  on  the  head  in  citing  the  detention  of 
cars  on  foreign  roads  as  one  of  the  great  evils  of  our  railway  system;  it 
is  probably  the  one  for  which  it  is  most  difficult  to  provide  a  remedy. 
For  I  cannot  agree  with  Mr.  Shinn  that  the  per  diem  charge  for  cars 
when  on  foreign  roads  would  be  a  success.  In  fact,  it  was  once  agreed 
upon  and  tried  on  some  of  the  lines  between  Chicago  and  New  England, 
but  only  for  a  few  weeks,  when  its  impracticability  was  demonstrated. 
The  reason  is  this:  the  terminal  road  acts  only  as  the  agent  of  all  the 
other  roads  forming  the  line;  the  most  western  road  shipping  to  New 
England  is  just  as  anxious  to  have  a  chance  to  get  its  freight  to  destina- 
tion as  the  little  terminal  road  is  to  do  its  share  of  the  business;  and 
while  the  terminal  road  will  undertake  to  do  the  best  that  it  can  for  its 
western  ally,  it  had  better  not  receive  the  western  cars  than  to  be 
responsible  for  a  per  diem  charge.  A  snow-storm  or  a  flood,  or  many 
other  things,  may  so  damage  affairs  at  the  terminus  thai  it  would  be 
impossible  to  get  the  cars  promptly  unloaded — yet,  under  the  per  diem 
arrangement,  the  short  road  at  the  eastern  end  of  the  route  would  be 
required  to  pay  much  more  in  penalties  than  it  had  ever  received  for 
doing  the  business. 

Another  obstacle  to  the  collection  of  a  per  diem  charge  exists  in  the 
variable  demand  for  cars.  During  the  fall  and  winter  seasons  shipments 
from  the  west  are  active  ;  every  car  is  called  into  requisition;  but  no 
western  road  could  afford  to  say  to  the  blockaded  eastern  roads,  we  will 
not  let  you  have  our  cars  unless  you  pay  a  per  diem  charge  for  their  use. 
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The  eastern  roads  would  reply:  our  yards  are  everywhere  full  of  cars; 
keep  yours  until  we  get  those  we  have  unloaded.  The  western  road  sees 
how  it  is,  and  prays  for  mercy's  sake  do  the  best  you  can  for  us;  take  a 
fair  share  of  our  cars  through  for  us,  or  we  will  have  no  business;  we 
will  not  charge  you  anything  but  usual  mileage. 

In  midsummer  there  is  little  freight  moving  eastward;  cars  begin  to 
accumulate  to  an  uncomfortable  extent  on  the  sidings  of  the  western 
roads;  they  receive  them  at  considerable  inconvenience  to  have  them 
ready  against  the  commencement  of  the  fall  shipments,  but  they  would 
not  do  so  if  responsible  for  a  per  diem  charge. 

The  remedy  for  improper  delays  on  foreign  roads  seems  to  me  to  be 
attainable  more  readily  through  a  clearing  house  to  which  all  roads  shall 
report,  and  which  should  have  authority  to  order  the  movement  of  cars 
which  are  not  detained  for  good  cause.  By  notifying  the  road  whose 
cars  are  so  detained,  as  well  as  the  managers  of  the  roads  on  which  the 
cars  are— perhaps  unknown  to  themselves — so  detained,  much  could  be 
done  to  improve  the  movement  of  cars. 

Mr.  E.  P.  ViNiNG,  Freight  Traffic  Manager  Union  Pacific  Railway 
Company  (by  letter). — I  have  been  very  much  interested  in  your  paper, 
"On  the  Increased  Efficiency  of  Railways  for  the  Transportation  of 
Freight,"  which  was  read  upon  the  20th  ult.  before  the  American 
Society  of  Civil  Engineers.  While  I  appreciate  that  portion  of  it  which 
relates  to  the  increased  efficiency  that  has  been  secured  during  the  last 
few  years,  I  believe  that  the  attention  which  you  direct  to  the  weak 
points  in  the  present  system — or  rather  lack  of  system — for  handling 
freight  upon  our  American  railroads  will  prove  of  even  greater  practical 
importance,  and  hope  that  your  paper  will  be  an  important  factor  in 
bringing  about  those  changes  which  must  be  made  before  our  roads  will 
be  callable  of  handling  promptly  and  cheaply  the  increased  volume  of 
business  which  there  is  reason  to  hope  that  the  future  will  bring  them. 
The  growth  of  our  railway  system  has  been  a  matter  of  such  little  time 
that  our  railroad  officers  have  scarcely  had  the  time  necessary  to  aban- 
don the  crude  methods  originally  adopted  for  short  lines  with  a  small 
local  business,  and  substitute  for  them  a  thorough  system  adapted  to  the 
prompt  and  rapid  transportation  of  an  immense  tonnage  over  great 
distances . 

There  is  no  reason  why  freight  left  at  a  depot  at  New  York  for  trans- 
portation to  Chicago  should  not  reach  Chicago  and  be  ready  for  delivery 
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at  some  fixed  hour,  with  the  same  reliability  and  certainty  that  exist 
regarding  the  hour  at  which  a  passenger  from  New  York  will  reach  his 
destination. 

There  is  no  sufficient  reason  for  the  uncertainty  that  all  business  men 
have  as  to  the  time  when  their  goods  will  reach  them. 

The  demand  for  greater  speed  than  is  now  made  is  not  half  as  press- 
ing as  the  demand  for  greater  reliability  and  certainty;  but  the  average 
time  that  is  now  taken  for  freight  transportation  can  be  and  will  ultimately 
be  greatly  diminished. 

Freight  from  New  York  for  Council  Bluffs,  if  moved  at  a  constant 
average  speed  of  only  ten  miles  per  hour,  should  reach  its  destination  in 
six  days. 

As  a  matter  of  fact,  such  freight  seldom  arrives  in  less  than  nine 
days;  the  average  time  is  not  less  than  two  weeks,  and  three  weeks  is  not 
an  unusual  length  of  time  for  such  freight  to  be  in  transit. 

It  is  curious  to  observe  that  at  just  the  times  when  the  demand  for 
transportation  is  the  most  active  the  movement  of  freight  becomes  the 
slowest.  At  a  time  when  business  is  light,  freight  will  arrive  at  Council 
Bluffs  from  New  York,  with  tolerable  regularity,  in  about  fourteen  to 
sixteen  days;  but  if  the  amount  of  freight  offered  for  transportation  is 
suddenly  increased,  instead  of  meeting  this  increased  demand  for  cars 
by  moving  the  cars  more  promptly  and  rapidly,  it  seems  to  be  a  question 
as  to  whether  the  cars  that  have  been  loaded  shall  ever  be  moved  to  their 
destination  at  all;  the  mileage  per  day  of  the  cars  upon  the  various  roads 
being  run  down  to  only  about  one-half  of  the  usual  average. 

Then,  as  you  say,  the  cry  resounds  from  all  quarters  for  "more 
cars,"  when  the  fact  is  that  the  side  tracks  and  yards  are  lumbered  up 
with  more  cars  than  the  engines  and  men  seem  able  to  handle;  and  the 
cars  already  upon  the  road  would  be  capable  of  doing  double  the 
amount  of  business  if  they  were  only  loaded,  hauled  and  unloaded 
promptly. 

It  certainly  should  not  be  difficult  to  make  an  average  of  fifty  miles 
per  day  with  railroad  cars.  At  a  speed  of  sixteen  miles  per  hour,  this 
would  keep  the  cars  in  motion  only  three  hours  per  day,  and  allow  them 
to  stand  idle  twenty-one;  or,  to  put  the  matter  in  another  shape,  only 
one- eighth  of  the  cars  upon  the  line  would,  upon  an  average,  be  in 
motion,  while  seven-eighths  of  the  cars  would  be  standing  upon  side 
tracks. 
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Nevertheless,  it  is  true  that  upon  many  roads  which  do  not  make  that 
average  mileage  a  constant  demand  for  *'  more  cars  "  may  be  heard. 

It  seems  a  simple  matter  that  trains  should  be  made  up  exclusively 
of  through  freight;  that  the  engines  should  start  with  no  greater  num- 
ber of  cars  than  can  be  taken  through  without  breaking  up  the  train; 
that  the  train  should  have  a  schedule  time,  and  should  make  it;  that 
upon  arrival  at  the  destination  the  cars  should  be  unloaded  within 
twenty-four  hours,  and  within  another  twenty-four  hours  either  reloaded 
or — in  case  there  is  no  return  freight  for  them,  and  there  is  a  demand 
for  the  cars  at  the  other  end  of  the  line — that  they  be  started  back 
empty,  and  within  a  reasonable  length  of  time  reach  the  point  from 
which  they  originally  started. 

Simple  as  all  this  seems,  and  easy  as  it  should  be  under  a  proper  sys- 
tem of  management,  it  is  not  done. 

That  it  will  be  done,  and  at  no  very  distant  date,  I  hope  and  believe. 

Mr.  Josephs.  Paxson  (by  letter). — I  have  noticed  in  the  last  number 
of  the  Scientific  American  a  short  report  of  your  essay  on  the  "Increased 
Efficiency  of  Railways  for  the  Transportation  of  Freight,"  read  recently 
before  the  American  Society  of  Civil  Engineers,  and  that  the  subject  will 
come  up  January  17th  for  discussion  by  the  Society  at  its  Annual 
Meeting.  Communications  on  the  subjects  to  be  discussed  were  in- 
vited. 

One  method  for  "increasing  the  efficiency  of  railroads  "  appears  not 
to  have  been  thought  of,  or  at  least  was  not  enumerated  in  the  list  re- 
ported for  discussion,  and  that  is,  the  use  of  axles  with  loose  or  inde- 
pendent wheels,  by  which  not  only  curve  resistances,  but  the  wear  of 
wheels  and  track,  are  reduced  to  a  minimum  on  tangents  as  well  as  on 
curves. 

In  a  recent  number  of  Forney's  Railway  Gazette  appeared  a  table  of 
curve  and  grade  resistances,  from  which  I  quote  the  following,  which,  if 
you  have  not  already  seen,  may  be  of  interest  to  you : 

A  36-ton  engine,  having  4  drivers,  with  12  000  lbs.  on  each,  will  haul 
at  20  mile.s  an  hour,  in  addition  to  the  weight  of  engine  and  tank,  on  a 
straight  level  track,  cars  all  fitted  with  rigid  wheels,  1 096  tons  of 
2  000  lbs. 

On  a  level  5-degree  curve  it  will  haul  921  tons. 

Loss  due  to  a  5-degree  curve,  175  tons. 

The  same  engine  will  haul  on  a  10-degree  level  curve,  662  tons. 
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Loss  dae  to  a  10-degree  curve,  464  tons. 

The  capacity  of  an  engine  is  limited  by  the  sharpest  curve  and  the 
highest  grade  on  its  route. 

Now,  if  axles  with  independent  wheels  will  effect  a  saving  of,  say, 
one-half  the  above  losses — and  I  think  much  more  than  that  may  be 
saved  by  their  use— will  not  the  efficiency  of  railroads  be  very  materially 
increased  thereby  ? 

It  only  remains  for  me  to  apologize  for  thus  addressing  you,  while  I 
excuse  myself  for  so  doing  on  the  plea  of  my  desire  to  call  your  atten- 
tion to  this  subject,  which  I  consider  an  important  item  in  the  discussion 
of  "Increased  Efficiency,"  which  I  feared  had  been  overlooked  or 
passed  by. 

J.  Gardner  Sanderson,  M.  Am.  Soc,  C.  E.— There  is  one  point  in 
Mr.  Shinn's  paper  I  desire  to  call  attention  to.  Mr.  Shinn  very  properly 
asserts  that  "  the  increased  movement  of  cars  will  require  more  trains^ 
which  will  make  it  necessary  for  trains  to  follow  more  closely,"  and  he 
says,  "What  is  wanted  is  a  good  automatic  signal  system,  whereby  short 
'  blocks,'  operated  by  the  trains  themselves,  may  be  used  for  freight  trains; 
keeping  them  at  least  one  mile  apart  when  running  at  full  speed."  As  I 
have  been  somewhat  identified  with  the  introduction  of  signals  on  rail- 
roads, I  simply  wanted  to  say,  that  such  automatic  signals  exist,  and 
have  been  in  use  for  several  years  on  some  of  our  roads,  in  the  East 
especially.  And  there  is  no  question  at  all  about  their  efficiency  in 
facilitating  traffic.  On  the  Fitchburg  road,  of  Massachusetts,  where 
they  have  been  used  now  for  four  years  or  more,  it  is  shown  that  they 
can  run  trains  in  succession  witn  greater  safety  by  signals  than  they 
could  by  time  tables.  Testimony  to  that  effect  has  been  given  by  the 
superintendent  of  that  road.  The  same  is  true  of  the  Old  Colony  and  the 
Eastern  roads.  The  Pennsylvania  road  employs  the  system,"  and  have 
subdivided  many  of  their  blocks,  where  the  blocks  are  five  miles  or  more 
apart,  by  introducing  these  automatic  signals  perhaps  a  mile  or  less 
apart.  In  that  way  their  trains  can  follow  in  rapid  succession,  not  being 
obliged  to  depend  upon  uncertain  elements  of  time.  The  time  signals 
have  been  demonstrated  to  be  \)forse  than  useless. 

Then,  in  the  matter  of  iaterlocking  switches  and  signals,  referred  to 
by  Mr.  Shinn,  they  are  being  rapidly  introduced  in  this  country  now  ; 
perhaps  they  are  more  developed  on  the  other  side  than  here,  but  the 
roads  generally  throughoat  the  country  are  adopting  the  system  of  inter- 
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locking  their  sv^itolies  with  signals,  so  that  it  is  almost  impossible  for 
trains  to  either  collide  or  run  into  an  open  switch,  unless  by  disregard- 
ing the  danger  signals.  I  should  suppose  these  elements,  in  estimating 
the  cost  of  traffic,  would  be  very  important.  If  we  take  the  immense 
number  of  accidents  that  happen  from  collisions  and  open  switches,  the 
<iestruction  of  rolling  stock  and  destruction  of  freight,  it  certainly 
would  constitute  a  very  important  element.  I  believe  the  Railroad 
■Commissioners  of  Massachusetts  in  their  recent  report  place  the  average 
d.amages  that  eight  railroads  entering  Boston  have  paid  in  ten  years  at 
^120  000  annually,  and  that  not  including  the  destruction  of  freight. 

Then  there  is  the  point  of  detention  at  crossings .  That  subject  is 
being  developed.  I  think  it  was  mentioned  that  the  Ohio  Railroad 
Commission  of  the  Legislature  made  a  rule  exempting  railroads  from 
these  know-nothing  crossings  where  they  are  protected  by  an  adequate 
system  of  signals  ;  and  the  Railroad  Commissioners  of  Massachusetts 
have  adopted  the  same  course. 

I  only  refer  to  this  subject  as  Mr.  Shinn  had  mentioned  "what  was 
wanted."  I  think  that  the  thing  wanted  is  at  hand,  and  that  it  is  being 
gradually  adopted  by  railroads  generally. 

One  other  point,  mentioned  in  one  of  the  letters  read  by  the  Secre- 
tary, and  that  is  that  the  locomotive  was  the  most  economical  motive 
power  now  known  for  the  transportation  of  freight.  It  is  not  long  since 
it  was  considered  that  coal  carried  over  the  mountains  of  Pennsylvania 
was  carried  cheaper  by  their  gravity  road  or  incline  planes  than  in  any 
other  way.  Quite  recently  I  understood  the  superintendent  of  the 
Pennsylvania  Coal  Company  to  say  that  they  could  carry  coal  cheaper 
to  the  top  of  the  mountain  with  a  locomotive  than  they  could  with  in- 
cline planes.     I  mention  this  as  confirming  what  was  stated  in  the  letter. 

Chaeles  E.  Emery,  M.  Am.  Soc.  C.  E. — As  no  one  appears  at  the 
present  moment  to  wish  to  discuss  directly  the  paper  under  considera- 
tion, I  will  offer  a  few  points  suggested  by  the  discussion  of  Mr.  Jervis, 
which  has  been  read  this  evening.  Mr.  Jervis,  referring  to  the  much 
greater  efficiency  of  locomotives  of  recent  construction,  particularly  calls 
attention  to  the  increase  of  adhesion  now  known  to  be  available  com- 
pared with  that  allowed  for  and  attained  in  earlier  locomotive  practice. 
Of  course,  the  co-efficient  of  friction  has  not  changed,  although  the 
efficiency  has  been  increased  ;  and  if  we  study  why  this  is  so  we  may 
learn  to  remedy  some  defects  existing  even  at  the  present  day.     We 
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obtain  a  greater  proportion  of  the  weight  on  drivers  as  tractive  force 
simply  because  the  operating  forces  and  weight  on  drivers  are  better  co- 
ordinated together.  The  weight  is  such  that  a  pressure  in  cylinders  of 
a  given  size  can  barely  slip  the  wheels,  and  the  boiler  power  is  sufficient 
to  keep  up  this  condition  continuously.  This  is  true  independent  of 
mere  increase  of  size,  which  increases  everything  proportionately.  Well 
as  this  is  understood  by  all  experts,  there  are  blunderers  to  this  day  who 
persist  in  increasing  the  size  of  the  cylinders  out  of  proportion  to  the 
weight  or  boiler  power,  or  both,  making  an  engine  difficult  to  start  and 
run  without  glossing  and  wearing  out  the  tires,  and  at  high  speeds  run- 
ning down  the  steam  pressure,  etc.  All  do  not  see  that  these  considera- 
tions call  for  smaller  cylinders,  larger  drivers  and  more  boiler  power  for 
passenger  than  for  freight  engines,  and  very  few  know  that  one  of  the 
first  two  alternatives  is  as  important  as  the  third,  for  the  reason  that  loco- 
motives at  high  speeds  of  revolution  have  less  adhesion  than  at  lower 
speeds,  on  account,  principally,  of  the  lifting  action  of  the  counter 
balances,  but  also  to  the  vertical  vibration  due  to  the  inequalities  of  road- 
bed. To  secure  economy,  the  steam  is  necessarily  worked  expansively, 
which  causes,  instead  of  a  steady  pull,  a  pulsating  tractive  force,  which 
with  large  cylinders  is  felt  throughout  the  train,  causing  nervousness, 
frequently  attributed  to  the  joint  action  of  the  road-bed  and  car-springs, 
but  readily  detected  by  watching  a  pendulous  object.  The  effect  of  over- 
large  cylinders  for  freight  engines  is  observed  by  the  repeated  slipping 
on  a  grade,  although  some  locomotive  engineers  will  do  much  better 
than  others.  A  little  thought  shows  best  how  to  overcome  the  difficulty. 
Economy  is  of  no  consequence  ;  the  pulsating  tractive  force  due  to 
expansion  starts  slipping  at  some  part  of  the  revolution.  The  problem 
is  to  get  a  steady  pull  as  strong  as  possible,  keep  it  up  and  not  get 
"stalled."  Attempting  partially  the  vernacular  of  29  years  ago,  when, 
out  of  school  hours,  I  explained  the  formula  and  drawings  in  D.  K. 
Clark's  original  work  to  a  progressive  locomotive  engineer,  and  mounted 
the  footboard  on  Saturdays  for  practical  work,  I  may  say  to  those  here 
present  whose  engineers  stall  on  the  grades,  that  the  best  way  to  get  out 
is  to  "  hook  clear  forward,"  run  the  steam  down  as  low  as  she  will  **  hold 
her  water,"  set  the  throttle  fairly  well  open  and  let  it  alone,  when,  if  the 
engine  steams  as  she  should  under  such  circumstances,  the  pressure  may 
be  kept  at  precisely  what  she  will  stand,  without  slipping,  by  regulating 
with  the  furnace  door — that  is,  keeping  steam  down  by  admitting  cold 
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air .  If  your  man  keeps  cool  and  everything  steady,  he  will  take  a  train 
that  -will  surprise  the  ones  who  work  themselves  to  death  opening  and 
shutting  the  throttle.  A  few  hundred  pounds  of  coal  extra  on  the  grates 
and  foot-board  will  help  the  extra  car  or  two  up  remarkably,  operating 
on  the  same  principle  that  ash-pans  2  inches  thick  and  foot-boards,  &c. , 
3  inches  thick,  of  cast-iron,  do  on  the  Boston  and  Albany  Eailroad,  I 
close,  trusting  this  has  been  of  interest  during  a  lull  in  the  debate, 
though  I  have  to  connect  with  Mr.  Shinn's  main  track  through  the  par- 
tial diversion  of  Mr.  Jervis'  shunt. 

The  Chair  (Vice-President  William  H.  Paine). — Will  Mr.  Chanute 
continue  the  discussion  of  the  paper  ? 

O.  Chanute,  M.  Am.  Soc.  C.  E. — I  regret  very  much  that  I  have  so 
occupied  my  time  with  other  engagements  that  I  have  been  utterly 
unable  to  prepare  myself  on  this  subject.  I  have  been  even  unable  to 
read  Mr.  Shinn's  very  interesting  paper  since  it  has  been  published, 
though  I  have  seen  the  advance  proof-sheets  ;  therefore,  to  my  regret,  I 
shall  not  be  able  to  contribute  at  present  anything  to  the  discussion, 
which  I  hope  will  fully  cover  all  the  important  points  raised  by  Mr. 
Shinn. 

Charles  H.  Fisher,  M.  Am.  Soc.  C.  E. — Like  Mr.  Chanute,  I  have 
had  other  engagements  to  such  an  extent  within  the  last  two  weeks  and 
since  the  publication  of  Mr.  Shinn's  paper  that  I  can  hardly  say  that  I 
have  more  than  read  it  ;  but  it  presents  subjects  of  very  deep  considera- 
tion to  those  who  are  connected  with  the  operation  of  railroads.  I  do 
not  propose  now  to  attempt  to  discuss  it,  but  merely  to  mention  one 
fact  in  my  own  experience  as  bearing  upon  this  question  of  reducing  the 
cost  of  operating  railroads.  During  the  past  year  the  company  with 
which  I  am  connected  has  been  engaged  in  improving  a  difficult  portion 
of  its  lines  through  the  City  of  Rochester.  We  had,  from  the  crossing 
of  the  Genesee  River  and  our  station,  which  was  directly  west  of  it,  an 
ascending  grade  about  1  200  feet  long,  and  at  the  rate  of  115  feet  to  the 
mile  ;  going  east  from  the  river  bridge  we  had  an  ascending  grade  of 
2  000  feet  in  length  and  about  53  feet  to  the  mile.  Our  eastern-bound 
trains  would  generally  surmount  that  grade,  but  with  our  western-bound 
trains,  in  order  to  get  them  up  the  short  grade,  we  were  compelled  to 
use  heavy  helping  engines,  and  had  three  in  service. 

The  difficulties  in  operating  our  road,  crossing  the  street  that  it  did, 
and  the  obstruction  that  it  caused  to  ordinary  traffic,  made  the  people  of 


I 


139 

the  City  of  Rochester  restive,  and  improvement  was  asked  for.  After 
some  negotiations  and  some  legislation,  a  contract  was  made  between 
the  representatives  of  the  city  and  the  company,  by  which  a  plan  for 
changing  the  grade  was  adopted,  and  the  work  has  been  in  progress 
since  March  last.  Of  the  entire  2  miles  which  was  to  be  changed,  we 
are  now  using  on  the  elevated  grade  all  but  about  2  000  feet  in  length, 
although  a  portion  of  this  present  elevated  part  is  temporary.  Instead 
of  the  three  engines  that  were  used  for  helping  before  this  improvement 
was  advanced  to  its  present  condition,  we  are  now  using  one,  which  runs 
up  a  short  temporary  incline  at  the  east  end,  and  runs  back  on  the  same 
track,  the  entire  distance  run  by  it  being  about  1  200  feet.  Our  trains 
eastward-bound  have  no  difficulty  whatever,  and  those  westward  are 
assisted  only  at  this  one  point.  Before  the  work  was  decided  upon,  an 
estimate  of  the  saving  from  this  improvement  was  made,  and  it  was 
much  to  my  surprise  to  find  that  with  the  business  we  were  then  doing 
it  was  easy  to  expect  a  saving  of  $70  000  a  year  in  the  cost  of  operating 
the  road  from  making  this  improvement.  The  results  thus  far  attained 
indicate  that  we  shall  do  as  well  as  that — perhaps  better — and  they 
demonstrate  that  reduction  of  ruling  grade  is  an  important  stej)  in 
diminishing  the  cost  of  transi:)ortation. 

The  question  of  increasing  the  power  of  our  engines  has  recently 
been  presented  to  me  for  consideration,  and  I  have  been  asked  to  esti- 
mate the  wear  upon  the  rails  caused  by  the  ordinary  8-wheel  engine 
with  a  certain  load  upon  each  driver,  in  comparison  with  that  produced 
by  a  10-wheel  engine  with  the  same  load  upon  each  driver,  and  thus 
aggregating  50  per  cent,  more  driven  load.  My  reply  was  that  I  could 
only  see  an  additional  wear  from  the  pressure  of  the  extra  pair  of  drivers. 
There  was  evidently  additional  wear  upon  the  rail,  but  how  to  measure 
it  I  was  unable  to  suggest.  And  I  mention  it  now,  hoping  that  some 
gentleman  may  tell  me  if  there  is  anything  more  than  that.  There  would 
be  additional  friction  in  passing  around  curves,  and  with  the  long  wheel 
base  of  the  10-wheel  engines  there  would  necessarily  be  some  lateral 
slipping,  but  I  can  see  no  more  actual  wear  to  the  rail  than  that  coming 
from  the  rolling  friction  of  the  extra  pair  of  drivers.  The  question  was 
asked  me,  "Do  you  mean  to  say  that  there  is  no  more  wear  to  the  rail 
with  a  train  of  35  cars  drawn  by  an  8-wheel  engine  slipping  all  the  way 
than  with  one  of  35  cars  drawn  by  a  10-wheel  engine,  and  not  slipping  ?" 
I  said,   "I  do  not  say  anything  of  the  kind."     It  was  in  my  mind  that 
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if  there  was  any  slipping  at  all,  the  8-wheel  engine  was  over-loaded  with 
the  35  cars.  There  is  one  point  in  connection  with  this  that  T  think 
railroad  managers  hardly  appreciate.  Seven  or  eight  years  ago  trains  were 
adapted  to  the  engines  then  in  use.  They  hauled  a  certain  number  of 
cars  for  a  train  load — possibly  40  or  45.  In  the  meantime  it  has  been 
found  economical  to  increase  the  strength  of  the  car  and  to  give  it  greater 
capacity,  and  now  they  are  made  to  carry  20  tons  instead  of  10  tons,  and  yet 
it  seems  that  the  managers  of  railroads  expect  that  the  trains  will  consist 
of  as  many  cars  as  before.  That  is  one  reason  why  we  cannot  move  as 
many  cars  with  the  same  engine  as  was  done  years  ago.  And  yet  it  seems 
to  be  lost  sight  of. 

I  am  of  opinion  that  the  efficiency  of  railroads  would  be  increased  in 
many  cases  by  a  slight  expenditure  in  reducing  their  grades  at  certain 
points.  I  know  that  on  one  division  of  our  road,  where  we  now  have 
grades  of  30  feet  to  the  mile  to  overcome,  we  can  reduce  to  20  by  revis- 
ing perhaps  11  miles,  mostly  light  work,  and  I  think  that  engineers  con- 
nected with  roads  in  operation  who  desire  to  improve  them,  should  give 
their  attention  to  this  point  of  reducing  grades. 

The  Chaik  (Vice-President  William  H.  Paine). — Mr.  Fisher  has 
asked  some  pertinent  questions.  Perhaps  some  others  may  be  able  to 
answer. 

Chakles  H.  Fisher. — I  would  like  very  much  to  hear  some  explana- 
tion on  that  one  point — what  the  relative  wear  or  effect  on  the  rail  is 
from  the  two  classes  of  engines,  assuming  the  same  load  on  each  driver 
in  both  cases,  the  one  engine  having  4  and  the  other  6  drivers. 

H.  BissEiiii,  M.  Am.  Soc.  C.  E. — There  is  one  very  serious  objection 
to  the  suggestion  of  Mr.  Shinn,  that  engines  should  bt!  run  first  in  first 
out,  and  that  is  in  regard  to  the  changing  of  engineers.  You  cannot  lay 
the  blame  for  want  of  care  of  the  engine  to  the  parties  who  run  them. 
If  you  put  one  man  on  an  engine  and  keep  him  there,  you  know  whether 
he  keeps  his  CDgine  right  or  not,  but  when  you  shift  your  men  you  do 
not. 

Charles  H.  Fisher. — I  would  say  in  regard  to  the  working  of  engine 
crews  on  the  New  York  Central  and  Hudson  River  Railroad,  that  we  have 
two  crews  to  an  engine,  but  they  are  not  changed  from  engine  to  engine 
ordinarily,  so  that  we  fix  the  responsibility  for  any  difficulty  with  the 
engine  on  one  or  two  men. 

Charles  E.  Emery. — Mr.  Fisher  has  suggested  an  interesting  ques" 
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tion  as  to  whether  it  would  be  economical  for  other  reasons  to  use  three 
pairs  of  drivers  instead  of  two.  The  economy  of  one  less  crew  is  well  un- 
derstood, and  the  long  train  takes  fewer  men.  The  question  then  arises, 
what  he  would  settle  as  the  length  of  the  train  on  the  New  York  Central 
Railroad  to  be  safe.  I  suppose  the  difficulty  there  in  using  the  large  en- 
gine is  that  the  train  would  be  so  long  it  could  not  be  handled  in  case  of 
accident.  Just  what  his  conclusion  is,  and  on  what  their  practice  is 
based,  I  think  would  be  interesting  here. 

The  Chair. — That  is  an  important  question. 

Charles  E.  Emery. — Whether  the  8-wheel  engines  are  powerful 
enough  to  handle  the  trains  that  can  be  best  managed  ?  If  you  had 
longer  trains  and  larger  engines  could  you  do  it  safely  ? 

Ch4rles  H.  Fisher. — That  is  just  the  important  question — how  many 
cars  should  constitute  a  train  ? 

M.  N.  Forney,  M.  Am.  Soc.  C.  E. — I  should  like  very  much  to  have 
Mr.  Chanute's  opinion  on  that  subject,  as  he  has  had  probably  as  much 
experience  in  the  handling  of  long  trains  and  the  use  of  consolidation 
engines  as  any  other  man  in  the  country.  I  believe,  so  far  as  my  obser- 
vation goes,  and  the  information  I  have  received  in  intercourse  with  rail- 
road men,  that  all  who  have  tried  the  use  of  very  powerful  engines  in  the 
running  of  long  trains  have  come  to  the  conclusion  that  the  difficulty  of 
handling  long  trains  is  a  superstition,  and  that  it  requires  only  a  little 
experience  to  be  able  to  handle  a  train  of  any  length  which  have  thus  far 
been  tried  on  any  of  the  roads.  In  regard  to  Mr.  Fisher's  conundrum 
about  the  relative  wear  of  rails  with  a  10-wheel  engine  and  an  8-wheel 
engine,  the  case  seems  to  be  very  plain.  If  you  have  a  10-wheel  engine 
with  6  drivers,  each  wheel  of  which  has  as  much  weight  as  each  wheel  of  an 
8-wheel  engine,  you,  of  course,  ought  to  draw  50  per  cent,  more  cars.  In 
other  words,  you  would  have  to  run  two  10-wheel  engines  over  a  road  to 
do  the  same  work  you  could  do  with  three  8-wheel  engines.  Now,  it  is 
improbable  that  there  would  be  any  difference  in  the  wear  of  rails  from 
running  on  those  six  pairs  of  driving  wheels  over  a  road  in  sets  of  three 
pairs  each,  or  from  what  there  would  be  if  run  in  sets  of  four  pairs  each. 
Of  course,  there  is  some  slight  difference  in  regard  to  the  wheel  base. 
That  of  the  10-wheel  engine  is  usually  longer  than  that  of  the  8-wheel 
engine.  But  where  the  gauge  of  the  track  is  as  it  should  be,  and  the 
curves  are  proper,  and  the  gauge  of  the  wheels  is  right,  there  is  no  diffi- 
culty from  the  length  of  wheel  base.     I  should  like  to  ask  Mr.  Chanute 
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whether  on  the  Erie  Road  they  have  any  difficulty  in  handling  as  long 
trains  as  their  consolidation  engines  will  draw. 

O.  Chanute. — I  can  answer  that  by  saying,  thus  far  there  has  been  no 
difficulty  of  the  kind,  and  that  the  practice  on  the  Erie  Road  makes  it  very 
clear  and  apparent  that  the  heavy  engines  are  the  economical  ones  to  use. 
In  1874  the  average  train  upon  the  Erie  Railway  was  about  22 
cars.  The  road  was  then  mainly  equipped  with  "American"  engines 
of  8  wheels  (of  which  4  are  drivers)  on  the  various  divisions.  On 
the  Buffalo  division  and  on  the  Western  division  the  average  load  was 
from  17  to  19  cars,  and  the  average  train  load,  including  the 
empties,  was,  I  think,  about  106  tons.  In  1876  the  road  began  to 
put  on  the  consolidation  engines.  These  were  carefully  limited  to  an 
average  of  11 000  pounds  per  wheel,  which  was  somewhat  less 
than  the  weight  then  existing  upon  the  "American"  engine.  And  I 
would  say,  with  regard  to  the  wear  of  rails,  that  we  have  not  yet 
been  able  to  detect  any  more  wear  from  the  wheels  of  those  "  consoli- 
dation "  engines  than  from  the  "American"  engines  which  they  dis- 
placed. The  effect  of  putting  those  engines  has  been,  I  believe,  to 
increase  the  average  train  to  about  38  cars,  and  the  freight  per  train 
to  about  228  tons  instead  of  106  tons.  There  were,  at  the  beginning, 
some  difficulties  apprehended,  chiefly  from  the  breaking  of  trains  in 
two,  the  pulling  out  of  drawheads,  breaking  of  links  and  pins,  and 
similar  accidents  likely  to  detain  the  traffic.  It  was  therefore  deter- 
mined to  change  and  to  increase  the  strength  of  the  draw  attachments 
to  the  car.  A  stronger  drawhead  spring  was  substituted.  The  draw- 
head  arms  were  more  firmly  fastened  to  the  mainsills  of  the  car,  the 
drawhead  was  increased  in  strength,  the  pin  and  the  link  were  also 
increased  in  size,  and  then  pains  were  taken  to  prevent,  as  far  as 
possible,  the  breaking  of  trains  in  two,  which,  railroad  men  all  know, 
causes  the  largest  number  of  minor  accidents  occurring  on  railroads. 
These  precautions  were  found  to  produce  an  entire  success,  and  although 
the  trains  were  about  double  the  former  length,  the  accidents  were 
actually  diminished  in  number;  and  not  only  was  the  useful  train  load 
increased,  but  the  expenses  of  doing  the  freight  traffic  were  diminished 
from  0.958  cents  a  ton  a  mile,  to  0.526  cents  a  ton  a  mile,  which  latter 
cost  the  oi^erating  accounts  show  for  last  year, 

Chaeles  H.  Eishek.  —The  paper  by  Mr.  Shinn  speaks  of  terminal 
facilities  as  one  of  the  elements  that  enter  into  this  question,  and  Mr. 
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Cooper  has  asked  me  if  I  was  familiar  with  the  new  kind  of  freight  yard, 
which  he  calls  a  patent  yard.  If  the  members  of  the  Society  have  not 
seen  it,  perhaps  they  may  be  interested  in  it. 

Theodore  Cooper,  M.  Am.  Soc.  C.  E.  — I  will  say,  Mr.  President, 
before  Mr.  Fisher  commences  on  the  subject,  that  I  may  be  mistaken  in 
saying  it  was  a  patent  yard.  I  was  not  positive  that  it  was  patented;  my 
impression  is  that  it  was  secured  by  a  patent. 

Charles  H.  Fisher. — The  yard  is  made  by  assuming  a  parallel  line 
to  the  main  track,  which  all  the  trains  take,  by  means  of  reverse  curve 
sidings.  These  sidings  are  placed  upon  an  angle  and  will  hold  a  maxi- 
mum train  of  40  cars  or  50  cars,  or  whatever  number  constitutes  a  full 
train  upon  the  road,  and  then  arrangements  can  be  made,  so  that  upon 
switching  tracks  any  desired  arrangement  of  the  cars  can  be  secured. 
The  idea  was  suggested  on  the  road  with  which  I  am  connected,  probably 
two  years  ago,  and  the  plans  perfected,  and  we  have  begun  to  carry  it 
out,  although  not  much  has  been  accomplished  as  yet. 

O.  Chanute. — I  would  say  that  if  the  members  will  consult  a  paper 
read  and  discussed  before  the  English  Institution  of  Civil  Engineers  in 
1875*,  they  will  find  the  style  of  the  yard  delineated  by  Mr.  Fisher  fully 
discussed  and  explained.  The  English  call  them  "grid-irons,"  and  they 
generally  place  two  such  yards  end  to  end,  endeavoring,  where  it  is  pos- 
sible, to  select  some  point  on  the  line  where  there  is  some  grade  of 
40  or  50  feet  to  the  mile.  Then,  by  placing  a  train  at  the  upper 
end,  and  sorting  one  or  more  cars  at  a  time,  they  pass  them  through  the 
first  grid-iron,  whence  a  second  sorting  passes  them  to  a  second  grid- 
iron. There  were  two  or  three  papers  read  at  the  time  I  referred  to  be- 
fore the  English  Institution,  which  were  fully  discussed  by  railroad  men, 
and  figures  were  given  showing  the  enormous  traffic  which  was  handled 
at  various  points,  more  particularly  at  the  junction  of  roads.  The  cost 
of  handling  trains  by  this  method  was  very  much  less  than  by  that  which 
exists  in  this  country.  I  call  attention  to  those  papers  now  to  show 
that  the  plan  is  not  new.  They  are  published  under  the  head  of  ''  Bail- 
way  Management." 

Charles  H.  Fisher. — And  the  idea  was  considered  favorably? 

O.  Chanute. — Yes,  and  the  result  very  good.  I  wish]  to  say  that  I 
hope  that,  in  replying  to  the  discussion,  Mr.  Shinn  will  at  greater 
length   indicate   how   it   is   feasible   to   carry   out   the   very   important 

*  Proc.  Institution  of  Civil  Engineers,  Vol.  XLL,  p.  1. 
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suggestion  which  he  has  made  to  change  the  method  of  paying  for  cars. 
That  is,  as  he  has  pointed  out,  one  of  the  most  serious  questions  which 
now  encumber  railroad  men  in  the  handling  of  the  rolling  stock.  A 
single  company  may  have  twenty-five  to  thirty  thousand  cars  scattered 
all  over  the  country,  and  they  are  paid  for  mileage  at  the  rate  of  three- 
quarters  of  a  cent  a  mile.  They  are  taken  by  connecting  roads,  used  as 
warehouses,  and  used  in  local  traffic,  while  the  road  owning  the  cars  by 
no  means  gets  an  adequate  compensation  for  their  use.  On  the  other 
hand,  it  has,  I  think,  for  the  past  ten  years,  been  proposed,  time  and 
again,  to  change  the  method  of  compensation  from  the  mileage  to  the 
per  diem  basis.  No  attempt,  however,  has  been  made  to  carry  out  the 
reform;  the  difficulties  being  of  course  the  lack  of  an  adequate  plan, 
the  dread  of  the  roads  that  they  may  lose  traffic  while  introducing  a 
reform  of  that  kind,  and  the  opposition  of  those  roads  which  profit  by 
the  present  arrangement.  I  would,  therefore,  for  one,  feel  very  much 
indebted  to  Mr.  Shinn  if  he  would  more  in  detail  indicate  how  such  a 
reform  can  be  carried  out. 

William  P.  Shinn,  M.  Am.  Soc.  C.  E. — If  there  is  no  other  gentle- 
man who  wishes  to  discuss  the  question  I  will  say  what  I  intend  to  say 
now.  I  have  been  rather  disappointed  that  the  criticisms  have  not  been 
more  numerous,  and  more  in  detail,  upon  the  subject  of  the  remedy  that 
I  proposed  for  the  greatly  deficient  movement  of  cars,  and  the  totally 
inadequate  compensation  for  their  use.  Mr.  Chanute  has  touched 
briefly  upon  the  existence  of  some  objections.  Every  one  who  knows 
anything  about  the  subject,  of  course  knows,  in  a  more  or  less  general 
way,  that  such  objections  do  exist.  Mr.  Paine,  in  his  paper,  has  pointed 
out  more  specifically  some  of  the  difficulties.  I  think  they  can  all  be 
met  in  a  practical  way,  but  I  am  not  prepared  to-night  to  go  into  the 
summing  up  of  this  discussion  intelligently.  I  have  only  heard  the 
papers  read  that  have  been  offered  in  discussion  of  my  paper — have  not 
had  a  chance  to  read  them  myself — and  before  undertaking  to  go  into 
the  subject,  as  Mr.  Chanute  suggests,  in  greater  detail,  I  should  like  to 
have  the  time  to  consider  the  objections  that  have  been  offered,  and  I 
should  also  like  to  have  those  objections  stated  further  in  detail  than 
they  have  been  stated  as  yet.  I  knew,  as  a  matter  of  course,  from  my 
own  experience  in  the  commercial  department  of  railroad  management, 
that  the  greatest  objections  would  come  from  that  side.  I  was  of  the 
opinion,  when  I  was  connected  with  it,  that  there  had  not  been  that 
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attention  paid  to  the  management  of  the  commercial  department  of 
railroads  that  its  importance  demanded.  That  department  has  generally 
been  entrusted  to  men  who  come  up  through  the  office  as  clerks,  and 
who  have  had  no  experience  in  what  could  properly  be  called  railroad 
management  ;  who  knew  nothing  about  the  practical  difficulties  to  be 
met  with  in  doing  the  business  on  the  roads,  and  who  could  not  appre- 
ciate the  advantages  to  be  gained  by  their  company  from  the  adoption  of 
certain  principles  in  conducting  their  part  of  the  business.  But  I  think 
that  has  been  very  measurably  reformed  since  the  date  that  I  refer  to, 
when  I  was  engaged  in  that  department.  I  think  it  is  capable  of  being 
still  more  reformed,  and  it  is,  I  believe,  one  of  the  reforms  that  must  be 
brought  about— that  the  commercial  department  must  see  that  it  must 
work  for  the  interest  of  the  railroad  as  a  whole,  not  merely  in  a  way  to 
produce  a  certain  amount  of  tonnage,  or  to  secure  a  certain  share  of  the 
business  that  is  offered.  The  practical  result  to  be  aimed  at  in  all  railroad 
management  is  net  earnings,  and  that  practical  result  is  too  largely  ignored 
by  the  commercial  department.  As  a  general  rule,  that  department  is 
not  considered  by  its  heads  and  subordinates  to  be  responsible  for  net 
earnings,  but  simply  for  gross  earnings.  These  questions — this  one  in 
particular,  that  I  have  alluded  to — perhaps  its  most  immediate  effect 
would  be  upon  net  earnings  ;  it  would  ultimately  have  quite  as  great 
an  effect  upon  the  gross  earnings.  As  this  paper  will  come  up  again 
for  discussion  at  the  Annual  Convention,  which  will  not  come  off 
for  five  months,  I  shall  be  glad  if  some  of  the  members  of  the  Society 
who  have  not  yet  had  time  to  do  so,  would  consider  the  subject,  and  give 
the  Society  the  benefit  of  their  views  upon  it,  before  I  undertake  to 
answer  these  objections.  I  should  like  to  have  all  the  objections  that 
members  can  think  of.  I  do  not  arrogate  to  myself  the  ability  to  meet 
them  all,  but  I  wish  to  have  a  chance  to  try.  I  am  firmly  convinced,  as 
the  result  of  my  experience,  that  the  present  system  of  payment  for  the 
use  of  cars  is  wholly  wrong.  It  must  be  reformed,  and  I  firmly  believe 
that  the  reform  is  in  the  direction  that  I  have  pointed  out.  My  calcula- 
tion as  to  the  rate  at  which  the  compensation  should  be  fixed  is  merely 
tentative.  That  may  be  too  high.  I  do  not  think  it  is.  But  there  may 
be  reasons  advanced  why  it  should  be  placed  at  a  lower  point.  If  any 
gentleman  connected  with  railroad  management  can  advance  these 
reasons,  I  for  one  shall  be  as  glad  to  hear  them  as  any  other  member 
of  the  Society.     The  ideas  that  I  have  advanced  in  that  paper  are  not 
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what  can  be  called  a  "  hobby  "  with  me.  I  am  willing  to  consider  any 
reasons  that  are  advanced  against  the  adoption  of  that  idea,  but  I  do 
firmly  believe  that  something  has  to  be  done,  and  I  think  the  railroad 
managers  themselves  are  convinced  of  that,  and  it  is  pretty  evident  that 
the  adoption  of  the  plan  suggested  would  cure  that  particular  evil.  In 
my  own  opinion  it  would  be  wholly  beneficial.  I  do  not  know,  Mr. 
Chairman,  just  how  to  formulate  the  suggestion  I  have  made  in  regard 
to  further  time  being  taken  by  members  to  discuss  the  paper  before  I 
sum  it  up,  but  I  earnestly  hope  there  will  be  some  further  discussion 
and  some  further  criticism  before  I  undertake  it. 

Chaeles  H.  Fisher.  — I  would  like  to  ask  Mr.  Sliinn  how  he  would 
Meet  a  case  where  one  road  refused  to  take  freight  cars  from  another, 
either  from  inability  or  lack  of  power,  or  anything  of  that  kind,  and  the 
road  runs  them  to  the  end  of  its  line,  ready  to  deliver  them,  and  then 
it  is  obliged  to  store  them  in  its  yard  for  three  or  four  weeks,  or  two 
months  perhaps.     How  is  that  to  be  met  under  your  provisions  ? 

William  P.  Shinn. — There  are  a  good  many  conditions,  and  that  is 
one  of  them,  that  ought  never  be  allowed  to  arise.  When  I  was  manag- 
ing, to  a  certain  extent,  the  traffic  department  of  a  railroad,  I  never 
allowed  a  blockade  to  occur  to  any  extent.  By  proper  watching  of  the 
traffic  a  blockade  can  be  arrested  in  its  initial  stages.  It  is  entirely  pos- 
sible to  do  so.  It  has  been  done  to  my  knowledge  ;  I  have  done  it  my- 
self. But  I  do  know  that,  as  a  general  rule,  no  effort  is  made  to  do  it. 
The  cars  are  brought  in  until  every  yard  is  full,  and  then  things  come  to 
a  stop  from  sheer  inanition.  I  do  not  call  that  management.  That  is 
one  of  the  things  that  must  be  reformed.  Whenever  a  railroad  company 
gets  cars  to  one  of  its  termini  that  it  cannot  get  rid  of,  it  should  cer- 
tainly stop  receiving  cars  bound  for  that  terminus,  or  cut  off  the  receipt 
of  oars  for  that  terminus  at  other  points,  and  by  proper  care  and  system 
that  can  generally  be  so  well  guarded  that  the  number  of  cars  that  would 
be  caught  in  that  way  would  be  wholly  insignificant. 

Charles  H.  Fisher, — This  is  so  interesting  a  subject,  and  there  are 
so  many  members  of  the  Society  who  have  not  been  heard  from  upon  it, 
that  I  would  suggest  that  the  matter  be  laid  upon  the  table  for  further 
consideration,  so  that  it  may  be  more  fully  discussed  at  the  annual  meet- 
ing. 

William  P.  Shinn. — Before  closing  the  present  discussion  I  was 
about  to  say  that  the  question  has  been  asked,  and  it  has  been  suggested 
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that  I  should  make  some  remarks  upon  it  just  now,  in  regard  to  this  plan 
of  running  engines  **  first  in,  first  out,"  with  miscellaneous  crews.  That 
is  one  of  the  reforms  that  has  been  undertaken  with  very  great  hesitation. 
I  recollect  its  being  proposed  fully  ten  or  twelve  years  ago,  and  at  that 
time  all  the  railroad  men  that  I  heard  express  any  opinion  about  it  said, 
"  It  won't  do  at  all ;  it  cannot  be  done."  The  experience  on  the  Penn- 
sylvania road  has  been  exactly  this,  as  I  am  informed  by  the  General 
Manager.  I  will  say  that  I  had  a  conversation  with  him  on  that  subject 
since  my  paper  was  written :  They  commenced  experimenting  with  it 
on  their  middle  division,  which  is  a  division  of  low  grades,  and  conse- 
quently heavy  trains,  and  they  had  just  the  experience  that  everybody 
predicted,  to  a  certain  extent.  Men  did  not  have  any  interest  in  the  en- 
gines, did  not  take  any  particular  care  of  them,  and  an  engine  would  go 
out  on  the  road,  and  the  engine  man  that  had  it  then  in  charge  would 
find  some  little  defect  that  ought  to  have  been  remedied  at  the  end  of 
the  previous  trip,  which  would  probably  delay  him  for  a  considerable 
time  in  getting  through  with  his  train.  But  that  is  only  the  experience 
that  everybody  has  had  to  go  through  who  has  attempted  to  change  the 
manner  of  doing  business  among  what  we  call  "  practical  men, "  and  I 
believe  it  is  inevitable.  It  is  on  record  that  when  they  commenced  to 
build  steel  ships  in  the  French  navy-yard  they  tried  to  do  the  work  with 
the  men  who  had  been  accustomed  to  build  iron  ships.  They  could  not 
teach  them  that  steel  could  not  submit  to  torture  in  the  manner  that 
iron  would  ;  that  it  must  not  be  heated  so  hot  ;  that  it  must  not  be 
turned  so  sharp  ;  and  that  in  every  respect,  perhaps,  it  was  a  material 
requiring  difi'erent  treatment,  and  they  had  finally  to  turn  out  the  whole 
of  the  iron  workers  and  put  in  a  lot  of  ship  carpenters,  because  they 
knew  nothing  about  iron  or  steel  ;  they  were  willing  to  be  told  ;  and  the 
narrator  says  that  after  they  got  them  fairly  taught  they  had  no  trouble. 
Now,  reforms  of  this  kind  are  very  much  of  that  nature.  On  the  Penn- 
sylvania road  they  gradually  drew  the  lines  tighter  and  closer.  When 
they  found  a  man  came  in  off  the  road  with  his  engine  a  little  out  of 
order,  and  he  did  not  report  it,  he  was  disciplined.  The  men  who  took 
the  engines  out  that  had  not  been  reported  very  soon  began  to  complain 
and  find  fault  with  the  man  who  had  made  the  previous  trip,  that  he 
had  not  done  his  duty,  and  had,  therefore,  entailed  upon  them  additional 
trouble  and  loss  of  time.  I  tried  a  plan  on  the  Fort  Wayne  road  of 
using  one  man  to  hold  another   up  to  his  duty  in  that  respect.      It 
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worked  very  well.  We  had  a  great  deal  of  trouble  with  the  setting  off 
of  cars.  The  engine  man  would  tell  the  conductor  that  he  had  one  or 
two  more  cars  than  he  could  haul.  He  could  not  make  his  time.  He 
would  not  be  able  to  get  to  the  meeting  point  unless  he  set  them  off  ; 
and  finally  he  prevailed  upon  the  conductor  to  let  them  be  side-tracked, 
and  as  the  traffic  was  pretty  well  up  to  the  capacity  of  the  engines,  those 
cars  would  stand  there  for  two  or  three  weeks  before  a  train  took  them, 
up.  I  got  an  order  made  that  whenever  a  car  was  set  off  at  a  siding 
from  any  cause,  except  from  being  out  of  condition  to  run,  the  next 
train  should  take  that  car  if  it  had  to  leave  one  of  its  own.  The  conse- 
quence was  that  the  engine  man  and  conductor  of  the  next  train  that 
came  along  had  something  polite  to  say  to  the  engine  man  and  conductor 
who  left  that  car.  And  the  further  consequence  was,  it  was  not  a  month 
before  that  business  was  wholly  stopped .  Now,  very  much  the  same 
thing  took  place  on  the  Pennsylvania  road.  It  took  a  little  longer  to 
bring  it  about,  because,  as  the  negligence  was  not  of  so  pronounced  a 
character,  it  was  not  so  easy  to  locate  it  in  all  cases.  But  they  found 
that  there  was  a  possibility  of  divorcing  the  running  of  engines  from  the 
keeping  engines  in  order,  and  the  men  who  ran  them  were  required  at 
the  end  of  each  trip  to  make  an  entry  on  a  slate  in  the  round-house — a 
positive  entry — either  that  the  engine  was  in  good  order,  or  that  it  was 
so  and  so  in  bad  order  ;  and  that  was  not  allowed  to  be  neglected.  If 
any  engine  was  reported  in  bad  order  after  any  trip  and  was  not  repaired 
in  that  particular  before  going  out  on  the  next  trip,  the  round-houso 
foreman  was  called  to  account.  I  do  not  recollect  being  told  of  the  length 
of  time  that  the  experiment  continued,  but  it  continued  until  the  officers 
of  the  company  felt  that  they  could  adopt  the  plan.  Their  freight  trains 
are  now  run  precisely  in  that  way.  The  engine  crew  and  the  train  crew 
are  attached  to  a  caboose  of  a  certain  number,  and  the  designation  of  that 
caboose  to  go  out  with  a  given  engine  designates  the  crew  for  the  engine 
and  the  train,  and  it  frequently  occurs  that  the  crew  has  no  knowledge 
within  ten  or  fifteen  minutes  of  the  time  of  starting  as  to  what  engine  they 
are  going  to  have.  They  will  have  the  next  engine  in  succession  that  is  in 
order  to  go.  It  may  be  the  next  engine  in  order  of  coming  in,  and  it  may 
not.  The  Pennsylvania  Eailroad  Company  have  now  had  that  system  in 
operation  nearly  four  years,  it  works  entirely  satisfactorily,  and  they 
have  gotten  over  all  trouble  in  that  respect.  For  their  passenger  trains 
they  have  two  regular  crews,  as  Mr.   Fisher  says  they  have  on  the  New 
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York  Central,  the  reason  being  that  the  passenger  run  can  generally  be 
made  in  three  and  a  half  to  five  hours  at  the  most,  and  it  is  easy  for  a 
crew  to  make  the  run  out  and  back  within  twelve  hours,  so  that  both 
crews  can  run  the  engine  regularly,  starting  from  the  same  end  of  the 
run.  That,  of  course,  is  not  practicable  on  freight  trains  unless  the  runs 
were  made  very  short,  because  of  its  requiring  ten  or  twelve  hours  to 
make  an  ordinary  freight  engine  run,  and  it  would  keep  a  crew  on  the 
road  in  the  neighborhood  of  twenty-four  hours  consecutively  to  make  a 
trip  out  and  back . 

Charles  H.  Fisher. — These  remarks  have  suggested  another  thing 
that  I  might  mention.  On  our  road  at  present,  as  Mr.  Shinn  has  stated, 
two  freight  crews  are  attached  to  the  same  engine,  and  each  make  their  trip 
over  the  division,  150  miles  and  return.  A  portion  of  them,  however, 
have  been  located  in  the  middle  of  the  division,  75  miles,  and  make  their 
residence  there  ;  and  it  has  a  decided  preference  on  the  part  of  the  men 
where  that  has  been  the  case  ;  it  enables  them  to  step  on  the  train  as  it 
passes  that  point.  Tiiey  run  through  to  the  terminus  and  return  with 
their  engines  as  soon  as  possible,  so  that  they  can  have  their  lay-off  at 
home.  I  speak  of  this  as  a  matter  for  consideration  in  determining  the 
best  and  most  satisfactory  manner  of  working  the  train  crews, 

Charles  E.  Emery, — There  is  one  further  suggestion,  Mr.  Chairman. 
I  would  ask  as  to  the  advisability  of  inviting  those  that  are  not  members 
of  the  Society,  but  the  freight  managers  of  the  trunk  lines,  to  take  part 
in  this  discussion.  There  has  been  enough  brought  forward  to  show  the 
necessity  of  bringing  the  commercial  element  directly  into  this  discus- 
sion. It  would  be  interesting  to  hear  suggestions  from  their  standpoint. 
Take  this  very  case  of  where  it  was  mentioned  that  the  way  to  stop  a 
freight  blockade  is  not  to  receive  freight.  That  would  work  very  well 
where  there  is  only  one  line  between  these  points.  But  there  may  be 
several  competing  lines.  For  instance,  the  Central  going  into  Boston 
can  only  go  over  the  Boston  and  Albany.  It  might  be  better  policy  for 
the  men  who  were  handling  the  freight  at  Chicago  to  pile  it  up  in  the 
cars  than  to  let  it  go  to  rival  routes.  That  is  the  commercial  difficulty 
that  will  come  in  at  every  phase.  I  do  not  think  we  will  secure  a 
thoroughly  full  discussion  and  a  detailed  statement  until  we  get  those 
that  manage  commercially  to  enter  into  the  discussion.  Vice-Presidents 
or  managers  of  the  freight  departments  of  trunk  lines  will  have  some- 
thing to  say  in  regard  to  this  question  which,  I  think,  will  be  of  decided 
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interest ;  undoubtedly  they  will  learn  something.  I  have  not  a  particle 
of  doubt  of  that.     Still  it  would  be  of  more  value  to  all  parties. 

The  Secret AEY. — I  may  say  that  we  have  already  asked  a  number  of 
these  gentlemen  to  enter  into  this  discussion.  I  know  that  the  paper 
has  excited  interest  among  many  of  them,  but  they  have  not  yet  sent  us 
any  discussion. 

Egbert  L.  Harris,  M.  Am.  Soc.  C.  E. — During  one  important  part 
of  the  discussion,  which  seems  to  have  come  to  a  close,  one  point 
especially  attracted  my  attention,  which  was  the  assumption  of  50  miles 
per  day  for  freight  cars  as  possibly  reasonable.  Mr.  Shinn  showed  us 
what  could  be  done  with  that  rate  of  movement,  and  what  is  really 
done  now. 

Upon  a  railroad  in  the  construction  of  which  I  was  engaged  a  while 
ago  (I  had  nothing  whatever  to  do  with  the  management),  the  run  of  the 
cars  employed  in  carrying  much  of  the  material  was  about  1  200  miles. 
We  could  count  upon  those  cars  every  14  days,  including  the  day  neces- 
sary for  loading,  showing  a  movement  of  over  90  miles  a  day.  This  was 
a  regular  performance  during  track  laying. 

It  was  not  regular  freight,  it  was  construction  materials,  and  the  men 
who  at  the  end  of  the  track  were  handling  that  construction  freight  for 
track  laying,  were  obliged  to  unload  whenever  the  trains  came  in,  up  to 
10  o'clock  at  night.  It  was  made  obligatory  that  the  cars  should  be  re- 
ported, and  should  start  on  their  return  the  following  day.  If  this  was 
not  done,  the  train  despatcher,  and  through  him  those  at  fault,  were 
blamed. 

At  the  other  end  of  the  route  cars  were  loaded  each  day,  and  a  regu- 
lar rotation  of  each  and  all  of  the  cars  was  necessary  in  order  to  provide 
for  the  supply  of,  as  well  as  the  demand  for,  material.  Doubtless  the 
reason  for  this  prompt  movement  of  cars  was  that  the  railway  was  short 
of  rolling  stock,  and  promptness  became  a  necessity. 

In  connection  with  this  regular  movement,  one  matter  greatly  inter- 
ested me,  small  apparently  in  itself,  yet  large  in  results.  Here  were 
over  2  000  miles  of  railway  in  active  commercial  transportation,  and  the 
business  crowded  for  the  construction  of  both  the  Texas  Pacific  Railway 
west,  where  over  2  miles  of  track  per  day  were  being  laid,  and  the  In- 
tarnational  and  Great  Northern  Road  south  to  Mexico. 

Each  station  agent  and  conductor  of  trains  was  obliged  to  report  to 
he  train  despatcher  of  his  division  every  evening  before  8  o'clock  ;  and 
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each  train  despatcher  to  his  division  engineer,  who  collated  these  re- 
ports ;  which  reports  were  not  only  of  cars  upon  side  tracks,  empty  or 
loaded,  but  of  each  car  moving  south  or  north,  with  the  character  of 
its  freight,  besides  any  unusual  occurrences.  The  compiled  reports  were 
telegraphed  the  same  evening  to  the  general  manager  wherever  he 
might  be.  These  reports  were  not  put  on  a  hook  as  received  or  filed 
away  without  examination,  but  were  thoroughly  examined  upon  receipt 
each  night,  and  if  anything  was  going  wrong  the  proper  corrective  was 
instantly  applied. 

I  was  surprised  one  night  when,  as  a  guest  in  the  official  car  near  El 
Paso,  the  general  manager,  H.  M.  Hoxie,  Esq.,  whom  many  of  us  know 
as  one  of  the  most  expert  in  the  country,  called  me  to  his  room  and 
asked,  "Would  you  like  to  know  more  about  your  work  (1100  miles 
away,  near  Laredo)  than  your  own  telegrams  show  you  ?  "  On  my  re- 
plying affirmatively,  he  said,  "  Here  is  my  report  of  to-night,  similar  to 
what  I  receive  every  night,  and  by  which  I  correct  immediately  any- 
thing wrong." 

The  paper  contained  reports  of  the  cars  upon  every  division  of  the 
road,  where  they  were,  whether  moving  north  or  south  or  side  tracked, 
also  a  report  of  the  main  facts,  not  alone  of  the  operation  but  also  of 
our  work,  the  construction  for  the  day.  He  had  the  cream  of  whatever 
was  contained  in  the  many  minor  reports. 

In  my  opinion  the  telegraph  (and  its  proper  use)  is  one  great  power 
for  the  "Increased  Efficiency  of  Kailroads  for  the  Transportation  of 
Freight ; "  properly  formulated  daily  reports  sent  thereby,  which  re- 
ports should  be  immediately  and  constantly  examined,  compared  and 
collated,  give  the  managers  of  railways  potent  facilities.  I  believe  these 
points  were  not  touched  upon  in  Mr.  Shinn's  admirable  paper. 

William  P.  Shinn. — I  might  refer  to  some  of  my  own  experiences  in 
that  connection.  I  did  not  exhaust  my  experience  in  my  paper.  When 
I  took  charge  of  the  freight  department  of  the  Pittsburgh,  Fort  Wayne 
and  Chicago  Railway,  I  found  a  great  complaint  about  the  non-arrival  of 
freight  in  Pittsburgh  shipped  from  Chicago  in  car-loads — a  distance  of 
468  miles.  I  found  that  the  usual  time  was  about  a  week.  Occasionally 
a  few  cars  got  through  in  four  days,  but  quite  as  often  they  were  fifteen 
or  twenty  ;  and  I  organized  a  system  of  reports,  which  resulted  within 
three  months  in  bringing  those  cars  through  pretty  uniformly  in  forty- 
eight  hours  from  the  time  they  started  to  make  the  trip  at  Chicago  ; 
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that  would  sometimes  be  the  morning  after  the  day  they  were  loaded. 
But  from  the  time  of  starting  from  there,  they  came  through  pretty 
uniformly  in  forty-eight  hours,  and  it  was  very  rarely  that  a  car  was  out 
four  days. 

I  also  at  that  time  found  it  necessary  to  organize  the  handling  of  cars 
through  to  New  York  in  competition  with  the  Lake  Shore  and  New 
York  lines,  particularly  the  lines  over  the  New  York  Central,  where  they 
had  the  Red  and  White  and  Blue  lines  of  through  cars,  which  carried 
fourth-class  freight — that  was  flour  and  grain  and  provisions — while  the 
only  line  of  through  cars  we  had  (the  Union  line)  was  limited  to  higher 
class  freight.  We  had  no  through  cars  for  fourth- class  freight,  and  as  a 
consequence  I  found  we  were  losing  in  comparison  with  the  other  lines. 
I  arranged  the  matter  so  as  to  get  reports  of  the  movement  of  those  cars, 
and  succeeded  in  the  course  of  thirty  days  in  so  organizing  it  that  we 
pretty  uniformly  beat  the  "colored"  lines  in  our  trip  to  New  York, 
although  we  had  to  transfer  all  of  our  freight  at  Pittsburgh.  There  was 
nothing  extraordinary  in  the  matter.  There  was  nothing  done  but  what 
can  be  done  on  any  railroad.  And  I  do  not  claim  any  particular  credit 
for  it,  and  only  allude  to  it  now  as  showing  that  such  a  thing  is  entirely 
possible  if  somebody  will  pay  attention  to  it  and  organize  it,  and  look 
after  it  and  see  that  it  is  carried  out. 
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THE  DRAINAGE  OF  THE  VALLEY  OF  ^MEXICO. 


By  Fkancisco  de  Gakay,  C.  E. 
Kead  October  4th,  1882. 


Three  years  ago,  on  my  return  from  Paris  to  Mexico,  I  had  the  pleas- 
ure of  addressing  the  members  of  the  American  Society  of  Civil  Engi- 
neers upon  the  transactions  of  the  celebrated  Congress  at  Paris,  on  the 
subject  of  Interoceanic  Canals,  at  which  Congress  I  had  been  a  delegate 
from  Mexico.  Now,  during  a  short  visit  to  the  United  States,  I  am 
asked  to  give  some  information  in  regard  to  the  drainage  of  the  Valley 
of  Mexico,  or  rather  with  regard  to  the  different  projects  that  have  been 
or  are  being  more  or  less  put  in  execution  to  carry  out  that  great  work. 

That  work  is  of  local  interest  to  Mexico,  but  I  see  with  pleasure  that 
what  interests  Mexico  also  interests  the  United  States.  Great  enterprises 
are  being  organized  in  Mexico  with  American  capital  and  under  American 
engineers,  and  although  most  of  the  works  there  undertaken  are  in  con- 
nection with  railway  interests,  no  doubt  by  degrees  other  great  enter- 
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prises  will  be  formed,  and  we  will  see  American  conjointly  with  Mexican 
engineers  working  upon  those  improvements  which  will  make  Mexico  a 
great  country  of  the  world,  as  the  United  States  is  now,  owing  to  the 
wonderful  development  of  its  public  works. 

The  question  of  the  drainage  of  the  valley  is  very  vast,  and  it  will  be 
difficult  in  one  session,  particularly  without  documents  and  necessary 
papers,  to  give  you  a  full  account  of  the  subject ;  nevertheless  I  will  en- 
deavor to  recall  the  principal  data. 

At  the  moment  of  leaving  Mexico  I  received  a  request  to  be  prej^ared 
to  give  information  on  this  subject,  but  I  had  only  time  enough  to  pick 
up  one  or  two  maps  to  illustrate  the  question  to  a  small  extent .  It  would 
have  been  well  to  have  brought  many  other  papers,  but  they  were  so 
numerous  that  it  was  almost  impossible  to  do  so  ;  so  I  will  speak  from 
memory. 

The  Valley  of  Mexico  is  one  of  the  points  on  the  surface  of  the  globe 
that  have  a  special  individual  interest  ;  it  is  a  peculiar  valley,  which,  on 
account  of  its  geological  formation,  will  always  attract  the  attention  of 
geographers  and  engineers.  It  can  be  compared  only  with  certain  basins 
occupied  by  seas  or  lakes  in  the  interior  of  Asia,  as,  for  instance,  the 
great  Caspian  Sea  and  other  interior  seas  or  lakes,  which  are  similar  to 
the  Valley  of  Mexico  in  this  respect,  that  they  have  no  exterior  outlets. 
It  is  in  this  respect  also  similar  to  the  Great  Salt  Lake  Valley  in  Utah. 
But  the  Valley  of  Mexico  has  attracted  attention  chiefly  on  account  of  the 
City  of  Mexico  being  built  in  it,  on  the  border  of  the  Lake  of  Texcoco, 
generally  known  abroad  as  the  Lake  of  Mexico.  If  the  Valley  of  Mexico 
had  not  been  the  seat  of  the  capital  of  a  large  state,  the  valley  itself 
would  have  passed  almost  nnperceived  or  unnoticed,  and  the  work  of 
nature  and  time  would  have  sufficed  in  this,  as  in  other  similar  cases,  to 
realize  in  the  course  of  ages  the  drainage  [desague)  which  in  this  case  has 
occupied  so  many  generations. 

The  general  form  of  the  valley  is  elliptical.  It  is  situated  at  the 
crossing  of  the  two  volcanic  lines  that  traverse  that  part  of  the  North 
American  Continent  from  north  to  south  and  east  to  w'est,  and  may  be 
considered  as  an  immense  volcanic  mouth.  In  its  borders  as  well  as  in  the 
interior  of  it  there  are  a  considerable  number  of  extinguished  craters. 
That  of  the  Popocatepetl,  the  greatest  of  all,  is  the  only  one  still  in 
activity.  The  valley  is  shut  in  on  all  sides  by  high  mountains,  some  of 
them  covered  with  perpetual  snow.    The  Ixtacihnatl  and  the  Popocatepetl, 
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the  highest,  rise  above  the  level  of  the  sea,  from  15  000  to  more  than 
18  000  feet.  The  table-land  at  the  bottom  of  the  valley  measures  more 
than  60  miles  from  northwest  to  southeast,  and  about  30  miles  from 
northeast  to  southwest.  The  general  direction  of  ^Uhalweg''^  follows 
the  main  direction  of  the  mountain  chains  that  enclose  it;  that  is  the 
same  of  the  Sierra  Madre  chain,  but  the  waters  that  flow  in  its  basin  are 
stopped  toward  the  north  by  the  small  rocky  peak  of  Cittaltepec  and  its 
slopes,  running  east  and  west,  which  are  composed  of  hardpan  [toha, 
tepetate).  The  basin  thus  formed  receives  the  waters  of  all  the  water- 
sheds of  the  valley,  the  surface  of  which  measures  more  than  2  500  (two 
thousand  five  hundred)  square  miles.  Nevertheless  the  rain  that  falls  on 
that  immense  surface  hardly  suffices  to  feed  the  lakes  which  occujjy  the 
bottom  of  the  great  hollow  in  the  basin  of  the  valley.  With  the  waters 
is  swept  the  detritus  of  the  mountains,  which  constantly  fills  the  lower 
points  of  the  surface,  gradually  leveling  all  the  asperities  of  the  ground. 
Abandoned  to  the  course  of  time  and  to  the  free  action  of  the  elements, 
it  is  probable  that  the  bottom  of  the  valley,  after  a  long  geological  period, 
would  have  been  raised  by  this  detritus  to  such  a  height  that  its  waters 
would  have  overcome  their  barriers  and,  through  the  Mocteruma  Eiver, 
would  have  flowed  to  the  Gulf  of  Mexico. 

At  present  the  table-land  of  the  valley  is  mostly  occupied  by  different 
lakes.  (See  the  map,  Plate  XIV. )  The  principal  one,  and  the  lowest  of  all, 
is  Lake  Texcoco.  Besides  that  lake  there  are,  toward  the  north,  the  lakes 
of  San  Cristobal  and  Xaltocan,  whose  waters  communicate  freely  and 
may  be  considered  as  one  ;  they  are  10  or  11  feet  above  the  level  of 
Lake  Texcoco.  Further  to  the  north  is  the  small  Lake  of  Zumpango,  24 
feet  above  Texcoco.  Toward  the  south  are  the  two  other  lakes  of 
Xochimilco  and  Chalco,  separated  only  by  a  causeway  under  which  the 
waters  flow.  These  lakes  are  10  feet  above  Lake  Texcoco .  The  extent 
of  surface  occupied  by  these  lakes  varies  greatly  according  to  the  season 
of  the  year.  Texcoco  has  from  10  to  20  square  leagues  ;  San  Cristobal 
and  Xaltocan  from  4  to  8  ;  Zumpango  only  1  league,  and  Chalco  and 
Xochimilco  8  leagues.  The  regimen  of  the  waters  of  the  lakes,  as  can  be 
seen  by  these  data,  is  subject  to  great  changes.  The  three  upper  lakes 
toward  the  north  receive  in  their  respective  basins  the  waters  of  different 
small  torrents  that  bring  water  only  during  the  summer  months,  and 
consequently  these  lakes,  that  have  only  a  maximum  depth  of  water  of 
from  6  to  8  feet,  become  in  time  of  drought  almost  dry.      The  lakes 
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on  the  south  are  quite  different ;  they  are  fed  chiefly  by  numerous 
springs  in  their  beds  or  on  their  borders,  the  product  of  the  snows  that 
cover  the  summits  of  the  encircling  mountains  ;  consequently  they  are 
permanent,  and  have  from  8  to  10  feet  of  water,  and  even  more.  Their 
overflow  runs  by  a  wide  canal  into  Lake  Texcoco  ;  their  water  is  fresh 
and  potable,  whilst  that  of  the  northern  lakes  is  brackish,  owing  to  their 
being  stagnant,  having  only  an  occasional  flow  through  sluice-gates  into 
Lake  Texcoco.  This  lower  lake  receives  as  a  last  collector  the  floods  of 
all  the  principal  streams  of  the  valley  and  the  drainage  of  the  plain  and 
of  the  City  of  Mexico.  Having  no  outlet,  it  is  in  direct  communication 
with  the  subterranean  waters  {eaux  amhiantes)  that  pervade  the  whole 
extent  of  the  lowlands,  composed  of  the  washings  from  the  mountains. 
In  the  city  those  waters  are  to  be  found  3  feet  below  the  surface  of 
the  streets  and^  like  those  of  the  lake,  are  salt — another  lake,  invisible, 
over  which  the  city  sits. 

A  Membek. — Is  Lake  Texcoco  salt  now  ? 

Mr.  DE  Gakay. — Yes,  it  is  so,  and  its  waters  are  becoming  Salter 
every  day.  It  is  a  well-know  n  fact  that  lakes  that  have  no  outlet  for 
their  waters  are  all  salt.  The  composition  of  the  salts  contained  in  them 
varies  according  to  the  nature  of  the  ground  in  which  they  lie,  and  which 
depends  upon  the  decomposition  of  the  rocks  that  form  the  geological 
structure  of  all  the  region.  Sometimes  those  salts  will  be  of  carbonate  of 
lime,  or  carbonate  of  magnesia,  or  carbonate  of  soda,  or  of  other  bodies, 
and  being  soluble,  are  washed  down  constantly  to  the  plains,  enriching  the 
soil  and  giving  it  the  necessary  elements  required  for  organic  bodies. 
The  excess  of  the  salts  is  swept  down  by  the  rains  and  the  rivers  into  the 
lakes  and  into  the  sea,  where  they  have  been  accumulating  from  the 
beginning  of  creation.  TVhen  the  basin  that  receives  the  water  is  of 
small  capacity,  like  a  lake,  and  if  it  has  no  outlet,  the  waters  become 
more  and  more  saturated  with  the  salts.  The  causes  indicated  above  have 
produced  great  changes  in  the  Valley  of  Mexico  since  man  first  appeared 
there.  All  the  Indian  traditions  speak  of  different  tribes  all  coming 
from  the  north.  On  reaching  the  valley  they  all  stopped  and  settled, 
until  they  were  dispossessed  by  the  invasion  of  some  new  nation.  The 
land  must  then  have  offered  great  attractions  for  wandering  hunting 
tribes,  which  were  guided  in  their  peregrinations  by  the  necessity  of  fol- 
lowing the  herds  and  flocks  from  north  to  south,  according  to  the  season 
of  the  year.     The  valley  for  them  was  an  Eden,  vast,  well  wooded,  full 
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of  springs  and  running  waters,  with  lakes  and  marshes,  full  of  all  kinds 
of  game.  The  prize  was  worthy  of  a  struggle  for  its  possession,  and 
tribe  succeeded  tribe,  until  the  Aztecs  appeared.  They  were  great  war- 
riors. When  they  first  came,  toward  the  beginning  of  the  fourteenth 
century,  they  were  but  few  in  number,  and  they  readily  accepted  the 
sovereignty  of  the  Acolhuas,  who  were  masters  of  the  land,  and  who  had 
made  some  progress  in  the  arts  of  civilization.  As  they  increased,  and 
as  their  reputation  for  bravery  was  well  established,  their  lords,  afraid 
of-  their  superiority,  dispossessed  them  of  the  land,  and  obliged  them  to 
seek  refuge  on  some  small  islands  in  the  western  part  of  the  great  lake. 
There  the  prophecy  of  the  Aztecs  was  fulfilled  ;  according  to  it,  they 
were  to  be  a  wandering  tribe  and  outcasts  until  they  should  see  an  eagle 
perched  upon  a  cactus  tree,  with  a  snake  in  its  beak.  The  vision  took 
place,  and  from  that  moment  the  seat  of  a  mighty  empire  was  established 
on  a  small  rocky  island.  It  was  at  that  time  that  the  Aztecs  changed 
their  name  as  a  nation,  and  were  called  henceforth  Mexicans,  from  the 
name  they  gave  to  their  new  capital,  Mexico.  The  eagle  with  the  snake 
was  adopted  then  as  their  blazon,  and  it  is  so  to  the  present  day.  We 
are  obliged  to  occupy  your  attention  with  some  historical  facts  of  that 
people,  that  are  intimately  bound  up  with  the  subject  of  the  drainage  of 
the  valley.  From  the  moment  that  the  first  Indian  hut  was  raised  on 
the  lonely  island  in  the  middle  of  the  lake,  the  great  problem  of  the 
drainage  of  the  Valley  of  Mexico  was  jDut  forth  ;  its  solution  was  imposed 
on  future  generations. 

The  Mexicans  gradually  became  masters  of  the  whole  land.  Soon 
they  found,  however,  that  the  precarious  residence  that  they  had  fixed 
in  the  middle  of  the  waves  was  good  as  a  refuge  against  their  powerful 
enemies,  but  full  of  dangers  and  inconveniences  for  a  quiet  home. 
They  had  to  suffer  constantly,  more  or  less,  from  inundations,  many  of 
which  are  recorded  in  the  annals  of  their  history.  From  that  early 
period  they  began  to  raise  dykes  and  causeways  in  different  parts  of  the 
valley.  But  the  work  that  is  worthy  of  the  admiration  of  modern 
generations,  is  the  great  dyke  built  some  100  years  before  the  conquest, 
under  the  reign  of  Moctezuma  Ilhuicamina  (called  the  old),  by  his 
nephew  Nezahualcoyotl,  King  of  Texcoco,  renowned  for  his  wisdom  as 
a  legislator  and  as  a  poet,  but  more  worthy  of  praise,  in  my  opinion,  as 
a  great  engineer.  After  having  suffered  the  disaster  of  a  great  flood,  the 
Emperor  of  Mexico  called  to  his  help  his  nephew,  the  King  of  Texcoco. 
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Nezahualcoyotl  came  with  20  000  Texcucans,  and  undertook  the  build- 
ing of  a  great  dyke  8  miles  long,  extending  from  north  to  south, 
from  Atzacoalco  to  Iztapalapam,  passing  2  miles  to  the  east  of  the 
city,  and  dividing  the  great  lake  in  two  parts  ;  the  eastern  one  took  the 
name  of  Lake  Texcoco,  and  the  western  one  that  of  Lake  of  Mexico. 
The  dyke  was  built  with  rubble-stone  and  crowned  with  masonry.  By 
means  of  that  dyke  the  city  was  saved  from  the  danger  of  the  waters 
that  entered  Lake  Texcoco,  coming  from  the  Cuautitlan  River,  towards 
the  north,  that  used  to  cause  its  principal  floods.  On  the  other  hand, 
the  fresh  waters  from  the  southern  lakes  of  Chalco  and  Xochimilco 
continued  to  pour  into  the  Lake  of  Mexico,  washing  the  suburbs  of  the 
city  and,  through  sluice-gates  under  the  great  dyke,  establishing  a  cur- 
rent toward  Lake  Texcoco.  In  this  way  a  sweet-water  lake  was  created 
around  the  capital,  and  beautiful  gardens  were  to  be  seen  on  every  side, 
and  not  only  on  the  mainland,  but  floating  gardens,  loaded  with  flowers, 
covered  the  surface  of  the  waters,  and  rcLdered  the  residence  of  the 
Moctezumas  a  most  enchanting  place.  The  great  dyke  toward  the 
south  ended  at  Iztapalapam,  a  large  place,  the  residence  of  Moctezuma's 
brother  at  the  time  of  the  conquest,  and  celebrated  for  its  magnificent 
gardens.  Just  above  rose  the  isolated  peak  or  high  hill  of  Citlaltepec 
(Star  Mountain).  The  name,  no  doubt,  was  given  to  the  peak  on 
account  of  the  holy  fire  that  was  perpetually  burning  in  a  great  temple 
built  on  its  summit.  It  was  the  belief  of  the  Mexicans  that  the  world 
would  cease  to  exist  at  the  end  of  one  of  their  cycles,  which  were  of  53 
years.  After  the  setting  of  the  sun  at  the  end  of  each  period,  all  the 
fires  of  the  empire  were  extinguished  and  the  night  was  passed  in  prayer 
and  ceremonies,  many  fearing  that  they  had  seen  their  last  sun.  The 
new  dawn  was  anxiously  expected,  and  as  soon  as  the  rising  sun  appeared 
above  the  horizon  torches  lighted  at  the  holy  fire  were  carried  by 
couriers  throughout  the  land  to  California  down  to  Guatemala  to  light 
anew  the  fires.  They  felt  then  that  another  cycle  was  assured.  The 
temple  has  disappeared,  the  holy  fire  has  been  extinguished  long  ago, 
and  the  sun  has  continued  on  its  course,  but  what  is  to  be  regretted  is 
that  Nezahualcoyotl's  great  dyke  has  been  abandoned  and  allowed  to 
fall  to  ruin  shortly  after  the  Spanish  conquest.  The  new-comers  never 
understood  its  great  usefulness,  and  to  this  day  no  historian  has  rendered 
Nezahualcoyotl  the  praise  that  he  deserves  for  his  great  work.  With  its 
ruin  the  danger  jf  inundation  returned,  the  salt  water  invaded  the  land, 
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the  gardens  gradually  disappeared,  and  where  for  years  flowers  grew  are 
now  to  be  seen  ruins  and  arid  lands.  The  waters  of  Lake  Texcoco  have 
receded,  but  the  waste  extends  its  circle  every  day.  As  a  confirmation  of 
what  we  have  stated,  we  have  only  to  read  in  Cortez's  letters  to  the  Em- 
peror Charles  V.  the  glowing  description  of  the  valley  and  of  its  riches 
and  population.  With  regard  to  its  topography  and  waters,  he  says  that 
the  bottocQ  of  the  valley  was  occupied  by  two  great  lakes,  the  one  to  the 
north,  of  salt  water,  and  the  other  to  the  south,  of  sweet  water.  Those 
lakes  were  the  Texcoco  and  the  Chalco  and  Xochimilco,  that  may  be 
considered  as  one.  He  makes  no  mention  of  the  lakes  of  Zumpango, 
Xaltocan  and  San  Cristobal,  because  those  lakes  are  mainly  artificial  and 
were  then  less  important  than  they  are  to-day,  being  at  that  time  chiefly 
marshes  formed  by  the  waters  of  the  Cuantitlan  River,  that  poured  its 
flood  over  the  plain.  When  Cortez  arrived  the  slopes  of  the  mountains 
were  covered  by  cedar  trees  almost  to  the  water's  edge,  the  climate  was 
milder  than  in  oar  days,  and  the  seasons  were  more  regular.  After  the 
Spanish  conquest  the  forests  were  cut  down  to  a  great  extent,  in  order  to 
rebuild  the  capital  and  all  the  other  cities  and  villages  that  had  been  de- 
troyed  during  the  war.  The  woods  were  burned,  as  they  were  a  refuge 
for  the  enemy  and  for  wild  beasts.  Gradually  the  cedars  disappeared, 
leaving  in  their  place  a  less  luxuriant  vegetation.  The  slopes  of  the  hills, 
unprotected  by  the  trees,  were  cut  into  ravines  by  the  rains,  and  all  the 
sedimentary  matter  swept  by  the  streams  was  carried  to  the  lakes,  where 
it  settled,  filling  up  their  basins  very  quickly.  As  their  beds  were  raised 
the  waters  extended  their  area  and  i)eriodically  flooded  the  city.  To 
avoid  those  evils,  new  dykes  were  raised  in  every  direction,  dividing  and 
separating  the  currents  in  the  whole  extent  of  the  valley,  stopping  their 
flow  and  converting  them  into  stagnant  waters.  Public  health  was  not 
a  matter  of  great  consideration  in  those  remote  times.  ThB  only  thing 
that  occupied  the  mind  of  the  rulers  of  the  land  was  the  danger  of 
inundation,  and  the  great  fear  that  possessed  them  made  them  forget 
that  water  is  a  most  necessary  element  of  life.  All  their  ettorts  were  bent 
in  discarding  what  they  considered  their  enemy.  As  early  as  1580,  less 
than  60  years  after  the  conquest,  general  surveys  were  made  of  the  val- 
ley with  the  view  of  opening  a  direct  outlet  for  the  waters,  abandoning 
the  negative  system  of  drainage  by  means  of  dykes  that  had  been  fol- 
lowed until  then.  The  Indian  traditions  and  projects  were  examined, 
but  the  magnitude  of  the  enterprise  and  the  novelty  of  the  works  para- 
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lyzed  at  first  all  resolution.  25  years  later,  under  the  pressure  of  new 
calamities,  a  great  effort  was  at  last  made,  and  a  man  of  genius  and  great 
resolution  appeared,  disposed  to  take  upon  himself  the  responsibility  of 
forming  and  executing  the  plan  so  long  desired.  That  man  was  Enrico 
Martinez.  He  was  known  as  a  cosmographer,  a  mathematician  and  a 
printer.  His  project  had  in  view  the  free  flow  of  the  waters  in  the 
valley,  based  ujDon  the  opening  of  a  tunnel  that  would  permit  at  will 
the  flow  of  all  the  lakes  througli  the  range  of  hills  that  closes  the  valley 
toward  the  north.  Enrico  Martinez  had  to  submit  his  plans  to  the  ex- 
amination and  discussion  of  a  congress  [junta)  composed  of  all  the 
principal  men  of  the  city,  counting  amongst  its  members  the  Archbishop 
of  Mexico,  the  heads  of  all  the  religious  communities,  and  the  military 
commanders.  Enrico  boldly  proposed  the  construction  of  a  tunnel  5 
or  6  miles  long  — a  thing  never  thought  of  at  that  time.  He  demon- 
strated that  no  country  in  the  world  had  then  the  means  that  Mexico 
offered  to  carry  through  the  work — experienced  miners  and  cheap  Indian 
hand  labor.  The  tannel  was  adopted,  but  at  the  same  time  his  plan  for  the 
general  drainage  of  the  valley  was  rejected  as  utterly  impossible.  It  was 
alleged  that  the  ground  did  not  offer  sufficient  fall  for  the  outlet  of  the 
waters  of  Lake  Texcoco.  Their  objection  was  based  on  the  saying  of 
Pliny,  that  water  to  run  needs  half  a  foot  in  one  hundred.  Enrico  Mar- 
tinez was  on  that  account  constrained  to  limit  his  project  to  the  drainage 
of  Lake  Zumpango,  into  which  all  the  waters  of  the  Kiver  Cuantitlan 
were  thrown.  This  river  was  the  principal  of  the  whole  valley,  and  its 
floods  the  main  cause  of  the  inundation  of  the  city.  Accordingly  the 
flow  of  its  waters  was  stopped  by  a  dyke  below  Zumpango,  and  the  lower 
lakes  of  Xaltocan  and  San  Cristobal,  deprived  of  the  afliuence  of  its 
fresh  stream,  became  salt  marshes  and  their  once  fertile  shores  sandy 
plains.  The  i3lan  once  formed,  Enrico  Martinez  carried  out  the  work 
with  surprising  activity.  In  the  short  period  of  11  months  he  made  the 
excavation  of  the  subterranean  gallery,  more  than  6  miles  long.  At  the 
same  time  he  reinforced  the  dyke  of  San  Cristobal,  3  miles  in  length. 
The  celerity  of  the  work  did  not  argue  for  its  perfection.  The  tunnel 
was  10  feet  wide,  and  was  opened  in  a  formation  of  hardpan  (fepetafe), 
■with  strata  of  sand  and  marl  and  without  revetement.  It  was  opened 
in  1608,  and  had  hardly  been  finished  when  it  was  put  in  use.  Shortly 
afterward  a  temporary  facing  was  put  on  it  of  timbers,  and  soon  after- 
ward one  of  masonry.     The  work  of  consolidation  had  not  been  finished 
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■when  a  great  flood  came  ;  the  iunnel,  from  unknown  causes,  was  ob- 
structed, the  ujDper  lakes  were  filled,  the  waters  poured  over  the  dykes, 
and  the  City  of  Mexico  was  once  more  totally  flooded.  It  remained  so 
during  four  years,  and  all  that  time  the  engineer  was  kept  close  in 
prison.  The  city  was  almost  ruined,  and  its  white  population  reduced 
to  about  2  000  souls.  When  at  last,  after  some  earthquakes,  the  waters 
receded,  a  great  but  unfortunate  resolution  was  taken  ;  it  was  decided 
that,  instead  of  repairing  the  tunnel,  an  open  cut  should  be  made  in  its 
place.  Enrico  Martinez,  taken  out  from  his  jail,  was  ordered  to  execute 
the  monstrous  work.  He  died  at  his  task,  after  35  years'  labor  ;  others 
succeeded  in  his  place,  and  for  a  century  and  a  half  the  great  cut  of 
Nochistongo  was  the  main  occupation  of  the  inhabitants  of  Mexico. 
The  work,  modified  by  nature,  was  at  last  finished  as  it  now  stands.  At 
first  sight  it  looks  as  a  natural  ravine.  The  constant  land  slips  have 
modified  its  side  slopes,  and  the  stream  describes  in  the  bottom  a  series 
of  capricious  curves.  It  is  the  largest  cutting  known  to  have  ever  been 
made  in  the  world.  It  has  in  its  greatest  depth  200  feet ;  in  the  beginning 
it  had  more,  but  in  the  course  of  time  it  has  been  partly  filled.  The  in- 
clination of  the  sides  is  also  quite  irregular,  on  account  of  the  washing 
of  the  soft  strata  and  of  the  decomposition  of  the  marl  beds,  that  leave 
undermined  the  upper  formations,  that  are  constantly  falling  in.  The 
cost  of  that  immense  work  cannot  be  estimated.  In  silver  alone  the 
disbursement  was  more  than  6  000  000  dollars,  but  in  those  times  it 
must  be  borne  in  mind  that  the  journeymen  were  paid  from  9  to  12 
cents  a  day,  and  that  most  of  the  workmen  in  the  desague  (works  of 
drainage)  were  sent  or  brought  in  gangs  from  the  neighboring  villages  at 
first,  and  afterward  from  other  places  like  Tlaxcala  and  Cholula,  50  and 
100  miles  distant,  to  work  free,  in  discharge  of  the  task  imposed  on  them 
as  a  debt.  Besides  those  hands,  all  the  convicts  to  hard  labor  (and  they 
were  not  few)  were  sent  to  work  out  their  sentence  in  the  Great  Cut. 
Once  there,  they  were  doomed  to  the  greatest  dangers  and  hardships, 
and  the  loss  of  life  was  really  awful.  The  writers  of  the  times  esti- 
mate that  from  100  000  to  200  000  Indians  perished  in  that  rash 
undertaking.  At  the  same  time  that  the  waters  of  the  Cuantitlan 
Biver  were  taken  out  of  the  valley  by  the  new  cut  toward  the  north, 
the  waters  that  flowed  from  the  lakes  on  the  south  were  kept  en- 
closed by  the  dyke  of  Mexicalimgo,  through  which  only  a  narrow  pas- 
sage was  left  them.     The  waters,  retained  by  sluice-gates,  gradually  rose 
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in  the  lakes  of  Chalco  and  Xochimilco.  They  actually  cover  the  pave- 
ment of  the  streets  of  the  old  village  of  Tlahuac,  situated  between  the 
two  lakes,  with  5  feet  depth,  and  it  would  have  disappeared  under  the 
waters  if  the  greater  part  of  its  houses  were  not  established  on  the 
chinampas  (floating  gardens).  As  the  waters  have  risen,  their  pressure 
has  increased  on  the  springs  in  the  bottom  of  the  lakes,  and  their  delivery 
has  diminished  greatly.  I  have  been  in  a  situation  that  has  enabled  me 
to  make  a  curious  experiment  on  those  waters.  In  1865,  when  one-half 
of  the  City  of  Mexico  was  flooded,  and  a  total  inundation  of  it  was  con- 
sidered certain,  I  was  called  by  the  Government  of  Maximilian  to  avert 
the  danger,  and  full  powers  were  given  to  me.  That  was  a  critical 
moment.  I  had  refused  all  connection  with  the  invaders  of  my  country, 
but  those  that  were  in  peril  were  my  fellow  creatures  and  my  fellow 
citizens,  and  I  accejjted — on  condition,  however,  that  I  would  be  allowed 
to  work  without  any  official  title,  as  a  private  engineer,  and  without  any 
compensation.  With  that  understanding  I  set  to  work.  Amongst  other 
things,  I  built  a  dyke  2^  miles  long  and  7  feet  high  at  Culuacan,  stop- 
ping the  outflow  of  all  the  waters  in  the  south  of  the  valley  toward 
the  Lake  of  Texcoco  and  the  City  of  Mexico  more  than  50  cubic 
meters  a  second.  I  had  a  terrible  struggle  at  first  with  the  waters, 
raising  my  dyke  as  the  waters  rose,  and  spreading  them  over  the 
Lakes  of  Chalco  and  Xochimilco,  and  the  lowlands,  on  a  surface  of  more 
than  60  miles.  20  square  miles  more  were  expected  to  be  flooded, 
and  Chalco,  Xochimilco,  Tuyahnalco  and  a  dozen  more  villages  on  the 
borders  were  doomed  to  destruction.  For  the  first  time  in  the  history 
of  the  country,  the  outlet  to  the  southern  lakes  had  been  closed,  and 
great  calamities  were  predicted  by  many  on  that  account.  The  waters, 
it  was  said,  Avould  rise  with  fury  ;  the  springing  fountains  would  over- 
turn all  obstacles  and  rush  down  on  the  capital,  sweeping  everything  on 
their  way,  until  the  immense  reservoir  of  80  square  miles  surface  would 
have  emptied  its  contents.  In  spite  of  all  opposition,  I  persisted  in  the 
plan  I  had  traced,  and  the  results  were  astonishing.  To  the  rushing 
waters  I  opposed  their  own  pressure,  and,  long  before  I  expected,  they 
ceased  flowing.  The  repressed  waters  of  the  lakes  rose  2  feet  above 
their  former  level,  and  for  4  months  their  level  remained  invariable, 
almost  motionless.  Toward  the  month  of  July,  with  the  rains,  their  level 
began  to  rise  again,  until  in  October  they  had  risen  4  inches  more. 
After   the   rainy  season  their  level  decreased  the    same  4   inches,    and 
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continued  motionless  for  all  the  dry  season,  the  springs  furnishing  only 
the  necessary  water  to  maintain  the  hydrostatic  equilibrium,  repairing 
the  losses  due  to  evaporation  and  infiltration.  The  Lake  of  Texcoco,  de- 
prived on  every  side  of  the  waters  that  used  to  feed  it,  began  to  decrease, 
the  flood  retired  from  the  streets  of  the  city,  and  Mexico  was  saved  from 
the  horrors  of  an  inundation  that  would  have  caused  its  ruin.  For  doing 
that  work  I  was  criticised  and  abused  by  certain  politicians  and  by  many 
persons  whose  interests  were  opposed  to  the  public  welfare,  although 
they  could  see  that  I  was  a  loser  by  it  also.  —No  matter  ;  I  saved  thou- 
sands from  distress  and  misery,  and  I  consider  that  is  the  brightest  page 
of  my  life.  The  experiment  to  which  I  alluded,  and  which  I  have  just 
described,  I  think  has  never  been  tried  before  by  other  engineers,  at 
least  on  the  vast  scale  on  which  I  worked,  probably  for  the  want  of  a  field 
of  operation.  To  check  an  inundation  by  flooding  appears  rather  a 
novel  scheme,  and  to  exhaust  large  fountains  that  never  fail  by  means  of 
their  own  head  of  water,  may  seem  at  first  sight  rather  difficult;  but  in 
this  case  it  proved  the  most  feasible  and  effective. 

The  work  begun  in  1608  by  the  unfortunate  Enrico  Martinez,  it  may 
be  said,  was  never  properly  finished,  and  to  this  day  requires  constant 
care  and  labor  to  keep  it  in  tolerable  service.  The  flushing  of  the 
waters  of  the  Cauntitlan  River  are  not  sufficient  to  keep  the  bottom  of 
the  cut  clear  of  the  debris  that  are  constantly  falling  in,  and  the  bed  of 
the  river  that  flows  in  it  was  soon  raised  so  much  that  the  waters  of  the 
Lake  of  Zumpango  with  difficulty  could  find  their  way  out  through  it. 
Besides  all  the  western  part  of  the  lake,  one-half  of  it  was  filled  by  all 
the  sand  £tnd  sedimentary  matters  brought  by  the  floods  of  the  Cuantit- 
lan,  and  the  area  of  deposit  for  its  waters  was  so  much  reduced  that  it 
was  a  constant  danger  for  the  capital.  At  the  end  of  the  last  century, 
wishing  to  improve  that  state  of  things,  it  was  resolved  that  the  canal 
vertideros  (canal  waste),  through  which  the  lake  emptied  its  waters  into 
the  cut,  should  be  abandoned  as  useless,  and  the  new  canal  of  Guadalupe 
consequently  was  opened  lovver  down.  This  work  proved  a  new  failure. 
It  was  about  3  miles  long,  and  on  its  course  intercepted  all  the  sur- 
face water  and  torrents  from  the  Jalpa  hills,  that  formerly  came  down  to 
the  Lake  of  Zumpango,  where  they  quietly  spread  in  the  basin  and 
flowed  gradually  out,  with  all  the  waters  accumulated,  through  the  waste 
canal  [vertideros).  The  Jalpa  torrents  in  the  heavy  summer  rains  swept 
down  a  large  amount  of  stones  and  rubbish  of  all  kinds  into  the  bottom 
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of  the  cut,  where  they  met  the  moderate  current  coming  from  the  lake. 
The  velocity  of  the  water  was  suddenly  checked,  and  a  large  deposit 
formed  back  towards  the  lake  by  the  matter  they  held  in  suspension, 
as  they  had  no  longer  force  to  carry  the  sediment.  The  outlet  for  the 
waters  of  the  Cuantitlan  River  being  stopped,  they  receded  from  Lake 
Zumpango  down  to  San  Cristobal  and  to  Texcoco,  putting  in  great  dan- 
ger the  City  of  Mexico.  To  obviate  this,  the  Guadalupe  Canal  was  sup- 
pressed, and  a  new  canal  was  opened  to  connect  directly  the  Cuantitlan 
River  with  the  cut  of  Nochistongo.  The  Lake  of  Zumpango  remained 
isolated  from  the  river. 

In  spite  of  all  the  works,  the  City  of  Mexico  remained  exposed  to 
inundation.  The  failure  of  any  dyke,  or  the  overflow  of  the  lakes  and 
rivers,  brings  all  the  waters  down  toward  the  capital,  and  the  danger 
increases  greatly  in  the  years  of  heavy  rains.  The  point  where  the 
Cuantitlan  River  crosses  the  plain,  on  the  slope  of  the  ground,  in  a  dis- 
tance of  about  5  miles,  its  bed  is  formed  between  two  embankments  15 
or  20  feet  high,  that  are  not  sufficient  always  to  keep  the  waters  from 
pouring  over,  and  this  overflow  opens  sometimes  large  breaches  in  them. 
The  waters  rush  then  with  great  impetuosity,  laying  waste  the  whole 
country,  and  if  the  freshet  is  of  long  duration  they  reach  the  gates 
of  the  city,  and  at  times  will  not  stop  until  the  streets  are  covered. 

The  periodical  repetition  of  those  overflows  during  three  centuries, 
has  always  been  the  occasion  of  new  activity  in  the  works  of  the  desngue 
(drainage)  and  of  new  schemes.  At  the  beginning  of  this  century  a 
new  attempt  was  made  toward  the  final  solution  of  the  problem,  which 
can  be  no  other  but  the  drainage  of  Lake  Texcoco .  Preoccupied  never- 
theless with  a  false  idea  of  economy,  and  having  no  expert  engineers  to 
direct  the  works,  it  was  thought  expedient  and  advantageous  to  continue 
the  old  plan,  and  to  complete  it  by  deepening  the  great  cut  of  Nochis- 
tongo sufficiently  to  allow  the  waters  of  Texcoco  to  flow  through  it. 
Past  experience  was  neglected,  and  the  new  generation  of  pigmies,  in 
their  ignorance,  expected  to  outdo  the  Titans  of  old.  They  were  pun- 
ished by  the  result ;  all  their  eff'orts  for  several  years  came  to  nothing. 
The  drift  of  the  rivers  brought  constantly  into  the  channel  new  sediment 
to  take  the  place  of  all  that  was  excavated,  and  the  waters  returned  to 
the  normal  regimen  that  they  had  worked  for  themselves  through  the  cut. 
The  political  events  in  Mexico  during  the  war  of  independence  post- 
poned all  work,  and  the  only  thing  undertaken  was  to  keep  the  waters  of 
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the  Cuantitlan  out  of  the  valley.  Nothing  serious  was  attempted  until 
1856.  Owing  to  the  neglect  of  the  authorities,  the  land  and  marshes  on 
the  west  and  south  of  the  valley  had  been  freely  drained  for  several 
years,  and  all  their  water  sent  directly  to  Texcoco.  This  lake  rose  slowly, 
and  at  last  its  waters  reached  the  gates  of  the  city.  Prompt  measures 
were  then  taken,  and  all  the  old  works  of  the  desague,  such  as  dykes, 
sluices  and  canals,  were  repaired.  I  had  at  that  time  the  direction  of  the 
hydraulic  works  in  the  south  of  the  valley,  and  by  checking  and  regu- 
lating the  outflow  of  the  lakes  of  Chalco  and  Xochimilco,  I  succeeded 
in  reducing  Lake  Texcoco  to  its  proper  limits,  and  all  danger  of  inun- 
dation disappeared. 

On  that  occasion  great  alarm  was  felt  in  Mexico.  A  board  or  "Junta  " 
for  the  drainage  and  canalization  of  the  valley  was  appointed,  and  a 
prize  of  .^12  000  was  offered  for  the  best  plan  presented  for  the  works. 
Different  projects  were  made  and  duly  examined,  and  I  was  fortunate 
enough  to  have  the  prize  awarded  to  me.  In  the  course  of  time  my  pro- 
ject, in  whole  or  in  part,  has  been  presented  and  discussed  before  the 
Council  of  the  City  of  Mexico,  assisted  by  seventeen  engineers  ;  before 
a  committee  of  engineers,  presided  over  by  Gen'l  Doutrelaine,  Chief  of 
the  Engineer  Corps  of  the  French  Army  in  Mexico  in  1865  ;  and  before 
the  Emperor  Maximilian  and  all  his  Cabinet  Council  and  a  body  of  en- 
gineers, on  three  different  occasions  ;  it  was  always  unanimously  ap- 
proved. This  same  thing  has  taken  place  in  various  meetings,  the  most 
important  of  which  were  those  of  the  second  Medical  Congress  in  Mexico, 
where,  out  of  60  votes,  I  had  only  one  against  my  plan  ;  that  vote  was 
Mr.  Orozco's  ;  that  gentleman  has  been  here,  some  of  your  members  have 
met  him. 

Nevertheless,  in  spite  of  all  the  votes  given  in  favor  of  my  plans,  they 
were  postponed,  on  account  of  political  strife  and  of  the  foreign  war  of 
the  French  intervention.  But  when  least  expected,  the  question  of  the 
inundation  forced  itself  again  on  public  attention,  and  the  authorities  of 
the  new  empire  had  to  contend  with  a.  new  enemy.  The  rainy  season  of 
1865  was  extraordinary  in  the  quantity  of  water  that  fell  in  the  Valley  of 
Mexico.  In  the  month  of  June  a  gap  opened  in  the  right  bank  of  the 
River  Cuantitlan.  No  great  attention  was  paid  to  the  accident  at  first, 
the  breach  rapidly  increased,  and  for  want  of  energy  in  resisting  the 
evil,  the  water  ran  freely  for  52  days.  The  consequence  was  that  all 
the  upper  lakes  were  filled,  the  waters  poured  over  the  dykes  of  Zum- 
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pango  and  San  Cristobal  down  into  Texcoco  and  invaded  the  City  of 
Mexico.  Nearly  one-half  of  the  streets  were  laid  under  water,  and  its 
level  rose  to  within  one  foot  and  a  half  of  the  surface  of  the  main  square. 
It  was  to  arrest  that  inundation  that  I  was  called  upon,  and  it  is  to  this 
■occasion  that  I  have  alluded  a  few  minutes  ago.  The  damage  caused  to 
life  and  property  was  very  great,  and  it  was  once  more  resolved  to  put 
an  end  to  a  situation  that  was  being  aggravated  daily. 

In  the  meantime  the  flood  subsided,  my  duty  was  fulfilled,  and  I  re- 
turned home  in  December,  1866.  At  the  same  moment,  I  was  again  re- 
quested by  Maximilian's  Minister  to  accept  an  appointment  as  Director 
General  of  the  works  of  drainage.  Again  I  refused  to  accept  official 
duties  under  the  empire,  and  the  task  of  executing  my  plan  devolved 
upon  others. 

Much  to  my  regret,  I  have  been  obliged  to  dwell  on  many  points  of 
perhaps  little  interest  to  you,  but  on  which  I  have  thought  it  was  neces- 
sary to  touch,  even  if  it  was  only  briefly.  I  regret  also  that  want  of  time 
and  the  fear  of  tiring  your  patience  will  not  allow  me  to  entertain  you 
with  many  most  interesting  details  concerning  the  great  Yalley  of  Mex- 
ico and  the  works  constructed  there.  But  I  must  now  give  you  a  rapid 
sketch  of  the  general  plan  adopted  for  the  drainage  or  desagiXe  of  the 
said  valley.  Before  doing  so,  I  must  set  the  problem  that  is  to  be  re- 
solved in  a  technical  manner  before  your  eyes,  particularly  as  to  some 
points,  in  order  to  be  better  understood. 

I  have  called  your  attention  to  the  rapid  changes  that  are  taking 
place  in  our  valley,  partly  due  to  the  direct  action  of  nature,  and  partly 
due  to  man.  All  lakes,  and  particularly  all  those  that  have  no  outlet, 
tend  to  disappear  from  the  surface  of  our  planet.  Their  basins  are 
being  constantly  filled  by  the  sedimentary  matter  that  the  streams  and 
rivers  sweep  down  and  deposit  in  them,  and  we  have  indicated  the 
■changes  which  have  occurred  in  that  respect  in  the  lakes  of  the  Valley  of 
Mexico.  Let  us  fix  some  points.  In  an  excavation  made  by  me  in  the 
ruins  of  the  Convent  of  Santo  Domingo,  within  the  city,  I  found  at  a 
depth  of  20  feet,  16  feet  below  the  actual  level  of  Lake  Texcoco,  an 
Indian  pavement  made  with  cement  and  with  a  polished  surface.  Under 
the  pavement  to  a  great  depth  the  ground  was  pure  soft  clay  ;  above  it, 
it  was  all  made  ground,  formed  of  debris  of  all  kinds.  The  pavement 
must  have  been  made  many  centuries  anterior  to  the  Spanish  Conquest;  it 
was  the  work  of  the  first  settlers  in  the  land.     The  sand  employed  in  its 
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construction  is  no  longer  found  in  the  streams  of  the  valley  ;  it  has  in 
its  composition  a  large  quantity  of  pumice  stone  ;  perhaps  some  of  the 
volcanoes  that  we  see  now  extinct  were  then  in  full  activity.  This  case 
shows  that  the  bottom  of  the  valley  has  risen  considerably,  but  leaves 
the  question  of  time  undetermined.  We  must  now  examine  the  his- 
torical period  known  to  us.  At  the  time  of  the  coming  of  Cortez,  the 
annual  rise  and  fall  of  the  waters  of  Lake  Texcoco  was  much  greater 
than  now,  the  lake  receiving  the  waters  of  the  Cuantitlan  River,  and 
those  from  the  south  in  greater  abundance.  Owing  to  that  cause,  the 
Indian  city  had  to  suffer  more  frequently  from  inundations,  but  at  the 
same  time  less  severely  than  in  later  times,  due  to  the  nature  of  their 
habits  and  buildings.  Their  temples  and  principal  monuments  were  on 
the  high  grounds  of  the  small  islands  they  occupied,  and  the  mass  of  the 
population  lived  in  huts  or  light  buildings  on  the  border  of  the 
■canals,  and  chiefly  on  the  chinampas  or  floating  gardens.  So  it  happened 
that  when  the  waters  of  the  lake  rose  the  well-built  part  of  the  town 
was  too  high  to  be  reached,  and  the  dwellings  of  the  working  and  poorer 
class  rose  at  the  same  time — a  floating  city. 

It  is  well  known  that  the  City  of  Mexico,  surrounded  by  the  waters 
of  the  lake,  communicated  with  the  main  land  by  causeways,  except 
toward  the  east,  where  the  dyke  of  Nezahualcoyotl  extended  from  north 
to  south,  and  beyond  it  was  the  Lake  of  Texcoco.  The  waters  of  that  lake, 
as  far  as  I  can  judge,  must  have  been  from  40  to  50  feet  deep  in  its  centre 
at  that  time.  Cortez,  speaking  of  the  lake,  seems  to  consider  it  as  a 
small  inland  sea,  and  in  the  beginning  even  thought  it  was  subject  to  the 
tides  of  the  ocean,  so  important  did  it  appear  to  him.  With  his  great 
military  genius,  he  at  once  saw  all  the  advantages  he  could  draw  from 
the  deep  barrier  that  defended  the  city,  and,  bent  on  its  conquest, 
au,d  knowing  from  experience  that  the  attack  by  the  causeways  was  too 
hazardous  of  itself,  he  determined  to  make  it  by  a  naval  force.  Accord- 
ingly he  ordered  that  all  the  iron,  ropes  and  timber  that  had  been  saved 
from  his  vessels,  before  he  set  fire  to  them  on  the  coast  of  the  Gulf, 
should  be  taken  up  inland  to  the  Lake  of  Texcoco,  and  with  these  mate- 
rials in  a  short  time  he  had  afloat  four  brigantines.  Small  vessels  they 
must  have  been,  and  too  weak  to  struggle  with  the  fury  of  the  deep,  but 
they  sufficed  under  the  mighty  hand  of  Cortez  for  the  overthrow  of  a 
great  empire. 

As  a  curious  historical  fact,  I  may  here  state  that  later  on  the    same 
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vessels,  taken  to  pieces  again,  were  sent  to  Sihuatanejo  and  there  put 
afloat  on  the  Pacific  Ocean,  to  continue  the  exploration  of  the  south 
coast. 

The  Lake  of  Texcoco  never  figured  in  history  with  greater  import- 
ance than  it  did  at  the  time  of  the  Spanish  Conquest,  nor  will  so  ever 
figure  again  before  its  final  disappearance.  As  soon  as  Cortez  had  his 
small  squadron  of  ships  ready,  he  sailed  from  Texccco  (city)  toward  the 
southern  extremity  of  the  great  dyke,  where  his  great  army,  chiefly  of 
auxiliary  troops,  was  to  join  him.  A  great  many  canoes  accompanied 
him  also.  The  Mexicans,  full  of  military  pride,  came  out  to  encounter 
him,  manning  thousands  of  canoes  that  covered  the  surface  of  the  lake. 
When  the  two  enemies  were  near  each  other,  the  wind  began  to  blow 
from  the  east,  the  Spaniards  set  all  their  sails  out,  and  their  vessels  broke 
through  the  Mexican  line,  they  firing  their  guns  and  sinking  the  enemy's 
canoes,  killing  all  those  that  manned  them  ;  the  water  of  the  lake  be- 
came red  with  blood.  Nor  was  that  the  end  of  the  carnage.  The  Mexi- 
cans, sure  of  victory,  had  brought  with  them  their  wives  and  children, 
and  had  landed  them  on  a  steep,  rocky  island  close  to  the  place  where  the 
battle  took  place,  so  as  to  make  them  witness  their  expected  triumph. 
After  their  victory  the  Spaniards  landed  on  the  island,  and  in  order  to 
strike  terror  on  their  enemies,  slaughtered  in  the  most  cruel  manner  all 
the  women  and  children.  The  rock  is  called  to  this  day  the  Marquis' 
rock  [Penoh  del  Marques'),  in  memory  of  that  bloody  battle.  The  place 
where  that  terrible  naval  struggle  took  place  is  now  a  barren  SAvampy 
plain. 

The  shores  of  Lake  Texcoco  are  now  so  shallow  that  its  navigation 
is  always  very  difficult,  and  it  is  only  made  now  by  a  few  flat 
bottom  boats  50  feet  long  by  7  wide,  that  draw  li  feet  only.  The  dimi- 
nution in  the  depth  of  the  lake  daring  three  centuries  passed  almost 
unperceived  ;  no  register  of  it  seems  to  have  ever  been  kept,  and  the 
causes  of  the  difterent  inundations  were  always  attributed  to  the  acci- 
dents that  appeared  to  produce  them. 

At  the  beginning  of  this  century  Baron  von  Humboldt  visited 
Mexico,  and  in  his  book  on  New  Spain  gives  a  most  interesting  historical 
account  of  the  Desague.  Speaking  of  Lake  Texcoco,  he  says  that  its 
greatest  depth  is  5  meters  (16  feet  8  inches).  In  our  day  the  greatest 
normal  depth  of  the  lake  in  the  rainy  season  is  2  meters  (6  feet  8  inches). 
The  diminution  consequently  has  been    3  meters  in  about   75   years. 
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Baron  von  Humboldt's  statement  has  been  contested  by  some  on  the 
ground  that  it  was  given  without  precision,  but  in  general  terms  ;  but  I 
have  been  in  a  position  to  verify  his  figures  by  direct  observation  of  the 
waters  of  the  lake  with  reference  to  bench  marks  put  on  its  borders  and 
in  its  own  bed.  After  a  series  of  observations  for  14  years,  I  have  found 
that  the  mean  rise  at  the  bottom  of  the  lake  was  4  centimeters  (If^o  in.)  a 
year  ;  that  coincides  exactly  with  the  3  meters  deduced  from  the  Baron's 
statement. 

In  the  month  of  November  last  year,  the  point  of  greatest  depth  of 
Lake  Texcoco,  referred  to  the  Hipsographic  monument  that  exists  in  the 
great  square  of  Mexico,  as  a  point  of  reference  for  the  level  of  all  the 
lakes  in  the  valley,  was  2  meters  80  cent.  (9  feet  4  inches)  below  the  sur- 
face of  the  marble  slabs  of  the. monument,  which  are  on  a  level  with  all 
the  principal  streets  of  the  city. 

At  the  beginning  of  the  present  century  a  great  number  of  canals 
existed  still  within  the  limits  of  Mexico.  The  rain  water  and  the  com- 
mon sewage  ran  on  the  surface  in  gutters  that  carried  all  their  filth  into 
the  canals,  where  they  remained  stagnant  and  putrid,  the  canals  keeping 
the  same  level  as  the  lake .  With  the  city  improvements  the  canals  were 
gradually  suppressed  and  filled,  and  sewers  of  small  dimensions  replaced 
them  as  well  as  the  gutters  along  the  streets.  All  the  sewers  (that  are 
now  become  general)  communicate  more  or  less  directly  with  a  canal  or 
big  ditch  that  runs  on  the  four  sides  of  the  city,  and  that  ditch  empties 
on  the  eastern  side  through  the  Canal  of  St.  Lazaro  into  the  Lake  of 
Texcoco.  This  last  canal  receives  also  the  fresh  water  which  comes  from 
Lake  Xochimilco  on  the  south,  which  scours  to  a  certain  extent  the  bed 
of  the  canal  in  all  its  length  of  3  miles. 

Taking  mean  levels,  we  have  the  bottom  of  the  lake,  as  I  said  before, 
9  feet  4  inches  below  the  general  level  of  the  city,  the  surface  of  the  lake 
6  feet  8  inches,  the  bottom  of  the  sewers  6  feet  8  inches  also.  The  St. 
Lazaro  Canal  having  a  fall  from  the  city  to  the  lake  of  3  feet,  it  follows 
that  at  the  gates  of  the  city,  where  it  receives  the  sewage,  its  level  is  the 
same  height,  at  least,  above  the  bottom  part  of  the  sewers,  that  have  in 
themselves  no  declivity,  the  water  running  in  them  with  a  surface  cur- 
rent. This  generally  is  very  slow,  and  when  the  waters  of  the  canal  rise 
there  is  a  counter  current  in  them,  the  streets  being  sometimes  flooded  on 
that  account.  This  happens  very  often,  in  the  rainy  season  almost  daily, 
and  when   the   level   of  Lake  Texcoco  rises  3  feet  above  mean  level, 
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and  even  less,  the  current  ceases  in  the  sewers,  and  there  are  only  fluc- 
tuations in  the  surface  of  the  waters  at  every  shower.  The  rain  water 
then  floods  the  streets  until  it  disappears,  not  so  much  by  the  drains 
that  are  nearly  choked,  but  by  infiltration  in  the  ground.  This  is  most 
effective  in  a  soil  where  the  surface  water  has  only  to  percolate  through 
a  sandy  bed  1  or  2  feet  thick  to  join  the  subterranean  waters  [eauxam- 
biantes)  that  pervade  the  whole  plain  of  the  valley,  and  that  finally 
join  the  waters  of  the  lake.  By  this  description  it  is  easy  to  see  that  the 
City  of  Mexico  has  no  outfall  for  its  waters  ;  that  a  great  part  of  the 
refuse  and  garbage  thrown  into  the  sewers  remain  and  ferment  there 
until  taken  out  by  mechanical  means  ;  that  the  scouring  of  the  storm 
w*aters  is  nullified  generally  by  the  waters  of  the  Canal  of  St.  Lazaro, 
that,  rising,  cover  the  mouth  of  the  sewers  ;  that  the  deepest  part  of  the 
lake  is  only  2  feet  8  inches  below  their  bottom,  and  that  at  a  distance  of 
8  or  9  miles  from  the  city  ;  that  the  soil  being  all  composed  of  sand,  mud 
and  detritus  of  all  kinds,  full  of  organic  matter  in  decomposition,  is  fur- 
thermore saturated  by  the  infiltrations  of  the  waters  of  the  lakes,  of  the 
ditches  and  of  the  sewers,  making  the  site  of  the  city  a  real  swamp,  con- 
solidated only  on  its  surface  by  the  scorching  rays  of  a  tropical  sun  and 
a  rarefied  mountain  atmosphere. 

The  diminution  of  the  rains  in  the  valley,  due  no  doubt  to  the  partial 
ruin  of  its  exuberant  vegetation  and  the  deflection  of  the  river  of  Cuan- 
titlan  through  the  cut  of  Nochistongo,  as  well  as  the  reduction  and 
enclosure  with  dykes  of  the  fountain  springs  in  the  southern  lakes, 
has  so  diminished  its  waters  tliat  the  danger  of  real  inundation  is  every 
day  less.  The  gravity  of  the  situation,  however,  is  greater  every  day. 
Formerly  everybody  was  afraid  of  the  waves  and  rushing  waters,  and 
to  avoid  them  dykes  were  made,  and  the  streets  of  the  city  have  constantly 
been  raised  and  leveled.  But  the  bottom  of  the  lake  rises  as  rapidly, 
— 1 1^0  iiiches  every  year.  The  houses  of  the  great  city  gradually  are 
buried  in  the  mud.  Many  persons  on  looking  at  them  believe  they  are 
sinking  ;  the  result  is  the  same,  they  tend  to  disappear,  and  would  do  so 
if  they  were  not  periodically  rebuilt.  But  the  crisis  has  now  come;  the 
great  buildings  that  were  on  the  most  elevated  spots  have  been  reached. 
"Will  they  be  allowed  also  to  be  swallowed  by  the  wave  of  mud  ?  If  so, 
before  a  century  passes  the  halls  of  the  Moctezumas,  the  palace  of  the 
viceroys,  the  great  cathedral,  all  the  great  historical  monuments,  the 
oldest  in  the  land,  will  be  converted  into  ruins. 
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There  is  still  a  more  important  question  to  consider  in  the  great  prob- 
lem of  the  drainage  of  the  valley,  than  the  material  riches  that  are  in 
danger— that  is  the  health  and  life  of  its  inhabitants.  At  the  beginning 
of  the  present  century,  Baron  von  Humboldt  observed  with  astonishment 
that,  in  spite  of  the  marshes  and  lakes  of  the  Valley  of  Mexico,  malarial 
fevers  were  very  rare.  Unfortunately  things  are  now  changed,  and  mala- 
rial diseases  are  becoming  quite  common.  It  is  true  that  the  waters  do 
not  cover  permanently  our  valley,  but  they  spread  stealthily  under  our 
feet  and  rise  almost  to  the  surface  of  the  ground  to  poison  the  air  we 
breathe.  If  the  water  of  the  lakes  and  marshes  that  is  constantly  fluctu- 
ating is  injurious  to  health,  the  underground  water,  full  of  organic  mat- 
ter in  a  state  of  decomposition,  is  tenfold  more  pernicious.  To  impress 
this  truth  more  deeply  upon  your  minds,  let  me  recall  what  happened  in 
London  many  years  ago,  in  the  time  of  the  great  cholera.  It  was  ob- 
served that  the  plague  raged  with  greater  fury  near  the  Thames  Eiver, 
and  in  one  district  the  cases  registered  were  as  follows,  marking  the 
height  above  the  water  : 

From    20  to    40  ft.  above 65  cases. 


40 

60 

"   60 

80 

"   80 

100 

**   100 

120 

*'  340 

360 

.34 

.27 
.22 
.17 
.  6 


It  is  evident  from  this  statement,  that  elevation  above  the  river  was 
i'avorable  to  life,  and  that  this  increased  in  proportion  to  the  height. 
Fifty  years  ago  this  result  was  solely  attributed  to  the  greater  purity  that 
the  air  generally  has  in  elevated  regions,  without  explaining  to  what  is 
chiefly  due  that  salubrity.  In  our  day  the  great  progress  made  in  drain- 
ing lands  has  given  the  key  to  the  explanation  of  that  phenomenon,  and 
it  is  well  known  that  the  lower  the  subterranean  water  in  a  region,  the 
healthier  it  is.  In  mountain  countries  this  water  is  sometimes  very  deep 
in  the  ground,  and  that  circumstance  contributes  to  their  salubrity. 
A  proof  to  this  efifect  was  made  manifest  a  few  years  ago  in  the  commune 
of  Genenvilliers,  where  the  sewerage  of  Paris  is  employed  for  agricultural 
purposes.  The  ground  that  is  abundantly  irrigated  forms  a  peninsula 
on  the  left  bank  of  the  Seine,  and  the  water  can  naturally  drain  into  the 
river.    Nevertheless,  with  the  establishment  of  the  new  culture  and  the 
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constant  irrigation,  the  subsoil  waters  {eaux  ambiantes)  rose  in  the  ground, 
and  immediately  the  malarial  fevers  appeared  as  a  consequence.  The 
contrary  has  been  observed  invariably  in  the  places  where  drains  have 
been  established.  Not  only  fevers  have  disappeared  or  diminished,  but 
likewise  all  other  diseases.  In  the  parish  of  Bolton,  in  England,  drain- 
age was  introduced  35  years  ago;  the  following  observations  were  made  : 

The  cases  of  fever  in  August,  1847,  were  30. 

After    draining,   in    August,  1848,  they  were  2  only. 

In  the  month  of  September,  1847,  there  were  17  cases. 


'  the  same  month, 

1848,      ' 

7     ' 

'  October,  • 

1847,      ' 

4     ' 

(         ((         * 

1848,       ' 

2     ' 

'  December, 

1847,       ' 

2     ' 

(          (( 

1848,       ' 

none 

This  needs  no  comment. 

One  observation  more  before  I  end  this  exposition.  Making  a  study 
of  the  waters  of  the  Valley  of  Mexico,  I  could  not  fail  to  observe  the 
fountains  that  spring  forth  within  its  precincts.  I  will  make  no  mention 
of  all  those  that  break  out  high  up  in  the  mountains,  by  far  the  more 
numerous,  that  are  the  sources  of  innumerable  rivulets,  that  are  stopped 
in  their  descent  and  their  waters  employed  in  irrigation.  I  will  speak 
only  of  the  springs  that  burst  out  at  the  foot  of  the  mountains,  forming 
in  many  places  large  basins  (albercas),  and  that  are  known  in  the  country 
by  the  generic  name  of  ojos  (eyes). 

It  is  worthy  of  note  that  in  the  northern  part  of  the  plain  or  table 
[mesa]  of  the  valley,  no  springs  of  any  note  are  found.  There  is  not  a 
single  one  on  all  the  borders  of  Lake  Zumpango  ;  none  on  the  borders 
of  Lake  Xaltocan,  and  only  one  towards  the  northeast  of  Lake  San  Cris- 
tobal, called  simply  "  Ojo  de  agua  "  (water-spring),  no  doubt  for  the 
reason  that  there  is  no  other  spring  within  many  miles  with  which  to 
confound  it.  Around  Lake  Texcoco  there  are  a  few  albercas,  the  princi- 
pal ones  being  those  of  Chapultepec  towards  the  west,  and  those  of 
Ohimalhuacan  towards  the  east.  Almost  in  the  centre  is  the  mineral  hot 
spring  of  El  Penon,  which  has  some  importance.  Passing  toward  the 
south,  all  around  the  Lakes  of  Chalco  and  Xochimilco,  and  in  the  bed  of 
those  lakes,  the  spring  fountains  are  almost  numberless.  But  what  is 
most  worthy  of  attention  is,  that  all  the  springs  have  an  elevated  outlet, 
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that  is  from  2  to  3  meters  (7  to  10  feet)  above  the  level  of  the  city,  and 
from  4  to  5  meters  (13  to  17  feet)  above  the  mean  level  of  Lake  Texcoco. 
The  water  of  all  those  fountains  is  used  in  the  towns  and  in  the  fields 
as  drinking  water,  and  for  the  irrigation  of  orchards  and  gardens,  being 
all  in  the  limits  of  the  plain  and  with  a  slope  toward  Lake  Texcoco. 
We  have  stated  that  the  bed  of  that  lake  rises  by  the  deposits  of  sedi- 
mentary matter  1  inch  and  r'\,  tlis  (4  centimeters)  every  year,  and  that  the 
City  of  Mexico,  to  avoid  being  covered  by  the  waters,  constantly  raises  its 
streets  and  rebuilds  its  houses.     With  regard  to  the  town,  that  is  a  solu- 
tion, although  a  bad  one  ;  and  that  in  the  end  would  not  save  the  city 
from  ruin.     But  the  place,  for  the  causes  we  have  developed,  will  be- 
come in  the  end  unfit  to  live  in.     If  nothing  is  done  to  avert  the  danger 
(a  thing  that  cannot  be  admitted),  the  deposits  in   Lake  Texcoco  will 
have  raised  its  bed  so,  before  a  century  is  over,  that  all  the  springs  that 
now  give  life  and  health  to  the  valley  will  have  ceased  flowing,  for  want 
of  declivity  in  the  ground  to  give  them  current.     And  this  is  not  an 
uncertain   hypothesis.      The   springs   in  the   Park  of    Chapultepec,    3 
miles  from  Mexico,  have  supplied  a  great  part  of  the  city  with  water 
from  the  time   of  its  foundation.     Gradually,  as  the  streets  have  been 
raised,  the  water  has  lost  its  ascensional  power,  and  the  limits  of  the  dis- 
tribution of  that  water  have  been  greatly  reduced.     A  similar  thing  has 
happened  with  the  water  of  the  spring  of  Sancopinca,  that  was  used  in 
Santiago  Tlatilolco,  in  the  north  part  of  the  city  ;  it  has  ceased  flowing 
long  ago,  and  that  great  suburb  that  attracted  Cortez's  admiration  for 
its  fine  gardens  is  now  a  barren  ruin. 

At  the  same  time  that  the  springs  lose  their  current  for  want  of  fall, 
their  force  is  also  greatly  diminished  by  the  diminution  of  the  rains 
that  feed  them,  and  gradually  the  valley,  if  things  continue  so,  would 
be  covered  with  stagnant  marshes  and  barren  plains.  This  cannot,  this 
will  not  be.  If  all  these  evils  that  threaten  are  signalized,  it  is  not  to 
strike  with  terror  the  population  of  the  valley,  but  in  order  to  give  the 
word  of  alarm  while  there  is  still  time  to  avert  the  danger. 

Now,  what  is  the  remedy  ?  After  this  long  exposition  relating  to  the 
state  of  things,  the  progress  of  the  evil,  and  its  manifest  causes,  the 
answer  seems  to  be  very  easy — the  drainage  of  the  valley,  the  surface 
drainage,  and  the  subsoil  drainage.  The  Spanish  word  desague  is 
applied  only  to  the  surface  drainage,  and,  in  fact,  little  or  nothing  was 
known  about  subsoil  drainage  50  years  ago.     To-day  the  English  word 
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*' drainage  "  has  been  adopted  by  us  for  the  subsoil  canalization.  It  is 
owing  to  this  ignorance  of  modern  methods  that  many  persons  willing 
to  admit  the  desague  as  a  partial  remedy,  oppose  the  subsoil  drainage,  be- 
cause they  consider  it  useless,  not  understanding  what  it  is,  nor  what  it 
aims  at;  and  here,  members  of  this  Society  heard  not  long  ago  a  partisan 
of  those  ideas  trying  to  develop  a  monstrous  combination  of  systems  of 
dykes  and  big  cuttings,  with  modern  schemes  of  pump  sand  steam  engines. 
The  plan  which  I  presented  many  years  ago  for  the  drainage  of  the 
valley,  which  was  approved  and  ordered  to  be  executed,  and  begun  with 
slight  modifications  in  the  plan,  tends  to  the  total  drainage  of  the  Valley 
of  Mexico,  of  its  lakes  and  of  the  city.  In  the  system  adopted  all  the 
waters  are  utilized,  first  in  the  valley,  and  afterward  in  the  barren  lands 
to  the  north  out  of  the  valley .  The  Lake  of  Zumpango  in  the  north, 
part  of  the  lakes  of  Chalco  and  Xochimilco  in  the  south,  and  part  of  San 
Cristobal  in  the  centre,  besides  other  smaller  basins,  will  be  utilized  for 
feeding  the  canals  of  navigation  and  irrigation.  These  canals  of  small 
section  will  be  collectors  of  the  waters  drained  above  them  until  they 
reach  the  last  collector,  which  will  be  the  main  canal  of  drainage, 
located,  as  near  as  possible  and  convenient,  in  the  ** thalweg"  or  lowest 
level  that  runs  through  the  lakes  from  south  to  north.  That  great  canal  has 
a  section  of  39  square  meters,  that  is,  10  at  the  bottom,  16  meters  between 
banks  and  3  meters  deep.  On  either  side  there  will  be  a  path  3  meters 
wide.  The  canal  proper  will  begin  on  the  eastern  side  of  the  city,  at  the 
gate  of  St.  Lazaro,  and  will  follow  the  line  of  the  actual  canal  N.E.  by 
E.  until  it  arrives  near  the  centre  of  Lake  Texcoco,  and  then  it  will  tarn 
towards  the  north,  following  that  general  direction  across  the  lakes  of  San 
Cristobal,  Xaltocan  and  Zumpango.  On  reaching  the  slope  of  the  hills 
that  close  the  valley  on  the  north,  the  canal  leaves  the  old  line  of  Nochis- 
tongo  to  the  left  on  the  western  slope  of  the  Citlaltepec  hill,  and  cuts 
through  its  eastern  slope  under  the  pass  [puerlo]  of  Tequisquiac.  In 
that  place  a  tunnel  of  8  270  metres  has  to  be  opened  to  the  ravine  of 
Ametlac,  that  communicates  with  the  river  or  torrent  of  Tequisquiac. 
The  total  length  of  the  canal  from  the  gates  of  the  city  to  the  Tequis- 
quiac River  is  about  49  kilometres,  that  is,  30  miles  and  a  half.  The  fall 
in  the  canal  will  be  8dVo>  a,nd  when  full  it  will  carry  36  cubic  metres  a 
second,  with  a  velocity  of  0  meters  89  cent.  The  tunnel  has  a  chord  of 
4  metres  and  6  meters  30  cent,  under  the  keystone  of  the  arch.  Its  form 
is  that  of  a  horseshoe,  with  an  inverted  arch;  its  fall  is  1  in  1  000  (iVo~d)> 
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its  section  about  27  square  metres,  and,  if  necessary,  more  than  40  cubic 
meters  of  water  can  pass  through  it  in  a  second. 

Convinced  as  I  am  that,  when  the  drainage  of  the  valley  is  made,  its 
fertility  and  vegetation  will  be  greatly  increased,  and,  consequently,  that 
its  climate  will  be  greatly  modified,  making  the  rains  more  abundant  and 
regular,  I  felt  disposed,  in  order  to  insure  a  perfect  drainage  and  to  pre- 
vent accidental  inundations,  to  exaggerate  the  dimensions  and  sections 
of  my  canals  and  tunnels.  But,  on  the  other  hand,  sure  that  with  the 
new  system  of  canalization  the  waters  would  be  better  distributed  and 
advantageously  disposed,  I  reduced  my  plan  and  calculations  to  form  a 
project  sufficiently  vast  to  embrace  and  meet  all  the  points  of  the  prob- 
lem, giving  solidity  and  durability  to  the  works  and  security  to  the 
inhabitants  of  the  lowlands,  that  would  be  brought  under  culture  as  a 
result  of  the  drainage.  The  meteorological  observations  that  I  had  at 
hand  with  regard  to  the  fall  of  rain  in  the  valley  and  the  evaporation 
did  not  furnish  me  sufficient  data  on  which  to  base  a  good  calculation  for 
my  works.  Neither  was  it  possible  to  establish  a  priori  what  would  be 
the  infiltrations  on  the  vast  surface  embraced  in  my  investigations. 
Consequently,  instead  of  proceeding  by  comparison  with  what  has  been 
observed  and  done  in  other  places  in  the  world,  so  different  from  ours, 
and  always  on  a  small  scale,  I  resolved  to  base  my  work  on  a  grand  ob- 
servation, where  all  the  partial  errors  of  minute  and  incomplete  reckon- 
ings would  be  neutralized,  and  present  a  positive  and,  above  all, 
practical  result,  beyond  doubt  or  suspicion,  and  on  which  I  could  confi- 
dently rest  as  a  solid  base  for  my  calculations. 

In  the  year  1856  the  City  of  Mexico  was  threatened  with  inundation. 
The  Lake  of  Texcoco  had  been  receiving  for  many  years  an  excess  of 
waters  from  the  lakes  of  the  south,  and  its  waters  were  flooding  the 
lowlands  on  its  shores.  I  took  note  of  its  great  rise  and  extension.  I 
visited  all  the  other  lakes,  and,  admitting  the  possibility  of  their  being 
all  full  at  the  same  time,  I  calculated  what  their  rise  would  be,  and  the 
volume  of  water  that  that  rise  represented,  and  added  it  to  the  mass 
obtained  from  Lake  Texcoco.  I  found  the  total  volume  for  all  the 
lakes,  representing  their  possible  rise  in  time  of  partial  inundation  in  all 
the  valley,  was  equal  to  four  hundred  and  fifty-three  million  (453  000  000) 
cubic  meters.  I  am  convinced,  and  it  is  easy  to  perceive  it,  that  that 
calculation  is  greatly  exaggerated,  as  the  accumulation  of  water  in  Tex- 
coco was  the  result  of  several  years'  neglect,  and  the  other  lakes  had  not 
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the  quantity  estimated.  By  proceeding  as  I  did,  I  had  no  necessity  of 
taking  into  account  the  evaporation  of  the  lakes,  certain  that  the  quan- 
tity of  water  evaporated  by  the  vegetation  and  the  ground  in  the  surface 
now  occupied  by  the  lakes  will  be  tenfold  greater  than  what  it  now  is. 
The  infiltrations  in  a  soil  comparatively  dry  will  also  exceed  the  losses 
now  experienced  in  the  bed  of  the  lakes.  With  the  increase  in  vegeta- 
tion, the  waters  will  be  retained  on  their  way  down  the  slopes,  and  the 
floods  will  be  of  much  less  importance,  having  greater  duration.  All  the 
above  reasons  convinced  me  that  by  adopting  as  a  maximum  the  quantity 
of  453  000  000  cubic  meters  of  water  to  be  disposed  of,  I  was  sure  not 
to  be  under  the  real  estimate.  Furthermore,  I  supposed  that  all  that 
water  was  the  product  of  a  single  rainy  season,  say,  of  five  months,  and 
in  order  that  no  danger  or  inconvenience  should  accrue  for  want  of  a 
quick  discharge  of  the  floods,  I  calculated  my  canals  and  tunnels  with  such 
dimensions  as  to  discharge  that  same  amount  of  water  as  it  arrives,  say,  in 
five  months,  and  for  that  purpose  the  normal  waste  has  been  calculated 
to  be  35  cubi'c  meters  a  second,  but  in  extraordinary  cases  the  canal,  by 
overflowing  the  two  lateral  paths,  will  carry  easily  double  that  quantity, 
without  any  risk  of  causing  inundations.  It  is  to  be  observed  that  the 
canal  has  the  same  section  from  the  beginning,  notwithstanding  that  the 
flow  of  35  cubic  meters  supposes  that  all  the  waters  run  together  only  at 
the  outflow.  In  fact,  it  is  only  at  the  entrance  of.  the  tunnel  of  Tequis- 
quiac  that  the  current  will  run  with  regularity.  At  the  origin  the 
canal  will  receive  gradually  only  the  streams  and  drains  of  the  lands  it 
crosses,  and  the  section  might  be  in  excess,  if  there  was  not  the  possi- 
bility of  sudden  freshets  and  storms,  that  for  a  short  time  may  bring  a 
mass  of  water  into  the  canal  much  greater  than  the  35  cubic  meters  cal- 
culated. The  canal,  besides,  is  intended  for  navigation  during  most,  if 
not  all  the  year,  and  its  dimensions  agree  with  the  size  of  the  boats  and 
the  locks  and  other  works  in  the  main  canal  and  in  all  its  branches.  It 
must  not  be  forgotten  that,  the  valley  once  drained,  all  the  space  now 
occupied  by  the  lakes  will  be  dry  ground,  and  fit  to  receive  the  floods  of 
all  the  streams,  which  bring  down  from  the  mountains  large  quantities  of 
mould  most  suitable  for  the  lands.  Now  the  irrigation  of  the  fields  by 
the  floods  is  objected  to,  for  the  want  of  drainage  and  the  fear  of  inun- 
dation, but  will  be  most  acceptable  as  soon  as  the  waters  are  no  longer 
to  be  feared.  This  use  of  the  waters  for  agricultural  purposes  will  take 
from  the  main  canal  the  greatest  part  of  its  watars. 
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The  great  collector,  towards  the  middle  of  the  bed  of  Texcoco,  has 
two  embranchments  of  equal  section,  one  for  the  Lake  of  Chalco,  and 
another  for  the  Lake  of  Xochimilco.  From  this  last  lake  another  canal 
of  great  imj)ortance  is  directed  towards  Mexico,  where  it  arrives  on  its 
western  side,  and  bj  a  series  of  canals  that  embrace  the  city  on  all  sides 
will  serve  to  flush  the  sewers,  with  a  fall  of  from  15  to  16  feet  in  two 
miles.  In  order  to  obtain  this,  as  well  as  the  thorough  drainage  of  the 
ground  on  which  the  city  stands,  the  origin  of  the  canal  in  St.  Lazaro 
is  put  at  its  bottom  10  feet  below  the  mean  level  of  Lake  Texcoco,  and 
with  the  fall  of  the  canal  towards  the  north  the  facilities  for  drainage 
increase. 

During  the  dry  season  water  has  too  much  value  to  waste  it,  and  the 
great  canal,  that  would  then  only  receive  the  drains  from  the  sewers  of 
the  city,  and  from  the  irrigation  in  the  adjoining  fields,  would  not  carry 
a  sufficient  volume  for  a  good  navigation.  To  meet  that  inconvenience 
on  the  whole  line  of  the  canals,  locks  have  been  distributed  every  6 
kilometers,  with  movable  dams  [barrages  mobiles),  that  will  be  closed  as 
the  necessity  is  felt  and  the  waters  recede.  The  dams  {barrages)  will  be 
made  on  the  principle  of  Thenard,  Poire,  Chanoine  and  others,  so  that 
they  can  be  shut  and  opened  at  will  and  with  great  facility.  Those 
barrages  at  the  same  time  accomplish  the  scouring  of  the  canal  by  sud- 
denly flashing,  by  opening  them  mechanically  or  making  them  auto- 
matic. In  time  of  flood  those  dams  disappear  entirely  and  leave  the  bed 
of  the  canal  free  for  the  passage  of  the  water.  If  flushing  is  not 
sufficient  to  keep  the  canal  clear,  the  system  of  automatic  dredges  can  be 
adopted  {vanages),  with  certain  success. 

As  we  have  stated  before,  in  order  to  properly  distribute  the  waters 
in  the  valley,  a  whole  system  of  canals  of  small  dimensions  has  been 
studied,  measuring  in  all,  the  great  canals  included,  more  than  250 
miles  in  length.  Toward  the  south  the  feeders  will  be  the  fountains  of 
the  lakes  Chalco  and  Xochimilco.  Toward  the  north  the  river  of 
Cuautitlan  and  the  Lake  Zumpango  will  furnish  the  necessary  water.  In 
the  centre  part  Lake  San  Cristobal  will  do  the  same  office.  Besides,  the 
canals  will  receive  on  their  passage  all  the  waters  of  irrigation,  to  deliver 
them  afterwards  at  the  spot  where  they  are  needed.  By  means  of  all 
those  lakes  the  whole  valley  will  be  circumscribed  at  different  levels, 
following  the  fall  of  the  ground. 

The  waters  that  will  escape  through  the  great  tunnel  out  of  the  val- 
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ley,  as  well  as  the  sewerage  of  the  city,  will  be  most  advantageously 
employed  on  the  lands  of  those  regions  to  the  north  that  are  barren 
largely  for  want  of  water,  but  most  fertile  where  the  precious  liquid  can 
be  obtained. 

Gentlemen,  I  might  continue  for  a  very  long  time  without  exhaust- 
ing my  subject,  but  I  must  put  an  end  to  my  speech,  being  ready  to 
answer  any  questions  that  may  be  put  to  me.  One  word  only  with 
regard  to  cost.  My  whole  project  I  estimated  some  years  ago  would  cost 
10  000  000  dollars;  one-half  of  that  sum  for  the  drainage  or  desague 
proper,  and  the  other  half  for  the  canalization.  To-day,  on  account  of 
the  great  demand  in  Mexico,  hand  labor  is  rapidly  increasing  in  price, 
and  that  must  be  taken  into  account  in  new  calculations. 

The  works  of  the  desague  are  now  momentarily  stopped,  but  the 
Government  of  Mexico  made  last  year  a  contract  for  the  construction  of 
the  works  with  Mr.  Antonio  Mier  y  Celis,  and,  taking  into  consideration 
the  respectability  of  that  person,  his  great  monetary  resources,  and  the 
confidence  that  he  enjoys  in  our  Society,  as  well  as  the  credit  that  his 
powerful  and  respectable  circle  has  near  the  men  in  power,  there  can  be 
but  little  doubt  that  he  will  be  able  to  realize  a  scheme  that  may  or 
not  increase  his  fortune,  but  that  will  surely  shower  upon  his  head  the 
blessings  of  all  the  inhabitants  of  the  Yalley  of  Mexico. 


^"^i 


mm^^mM^ 


PLATE   XIV. 

TRANS.  AM   SOC.  CIV.  ENG'RS. 

VOL. XII  N?  CCLVI. 

DE    GARAY 

ON   THE    DRAINAGE    OF  THE 

VALLEY  OF   MEXICO. 


TO  Mi 

OFTHE 

VALLEY  OF  MEXlCt. 


179 


The  Hydrographic  Map  of  the  Valley  of  Mexico  (Plate  XIV.)  accom- 
panying Paper  CCLVI.  shows  the  position  of  the  City  of  Mexico,  of  the 
several  lakes  described  in  the  paper,  the  lines  of  the  ancient  cut  at 
Nochistongo,  and  the  lines  proposed  for  drainage  conduits. 
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DISCUSSION 


ON   THE   INCREASED    EFFICIENCY   OF   RAILWAYS 
FOR  THE  TRANSPORTATION  OF  FREIGHT.* 


Papee  CCXLVIII. 
By  William  P.  Shinn,  M.  Am.  Soc.  C.  E. 


DISCUSSION 
By  O.  Chanute,  M.  Am.  Soc.  C.  E. 


O.  Chanute,  M.  Am.  Soc.  C.  E. — In  accordance  with  the  promise 
made  on  a  former  occasion,  I  now  beg  leave  to  present  some  considera- 
tions upon  Mr.  Shinn's  paper,  which  have  occurred  to  me  since  I  have 
had  leisure  to  read  it  more  carefully  than  was  possible  in  the  first  look- 
ing over  of  the  original  proof-sheets. 

I  shall  say  nothing  concerning  the  first  part  of  the  paper.  The  rapid 
increase  in  the  efficiency  of  railroads  in  this  country  has  been  so  well 
stated  by  Mr.  Shinn,  and  he  has  so  thoroughly  explained  the  means  by 
which  it  has  been  brought  about,  that  he  has  left  but  little  for  others 
either  to  glean  or  to  controvert. 

*  Transactions  Am.  Soc.  C.  E.,  Vol.  XI.,  p.  365,  November,  1882,  and  Vol.  XII.,  p.  126, 
April,  1883. 
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Concerning,  however,  the  diminished  efficiency  in  movement  of  freight 
cars,  which  the  author  notices,  and  the  remedies  which  he  proposes, 
some  doubts  have  occurred  to  me,  which  may  be  worth  stating. 

I  think  it  is  worth  inquiring  whether  the  diminished  average  mileage 
obtained  from  cars  is  an  unmixed  evil,  and  whether  there  have  not  been 
changes  in  the  general  mode  of  transacting  business  which,  while  they 
require  a  greater  standing  still  of  the  cars,  yet  add  materially  to  the 
economy  of  trade,  and  to  the  convenience  of  the  customers. 

I  grant  that  the  figures  given  by  the  author  seem  at  first  sight  alarm- 
ing. He  has  shown  that  on  the  Pittsburgh,  Fort  Wayne  and  Chicago  Kail- 
road  there  has  been  a  decrease  of  21  per  cent,  in  the  number  of  miles 
daily  run  (on  an  average)  by  each  car,  from  1868  to  1881  ;  that  the 
"  Union  line  "  cars  averaged  38  per  cent,  less  miles  per  day  in  1881  than 
they  did  in  1876  ;  and  he  has  stated  some  reasons,  as  given  by  the  rail- 
way managers  (which  do  not  seem  entirely  satisfactory),  for  this  dimin- 
ished efficiency. 

It  is  worth  while  to  inquire  whether  this  is  not  offset  by  either  a 
more  efficient  loading  of  the  cars,  by  the  decrease  of  their  empty  mile- 
age, or  by  savings  effected  in  the  business  of  the  country  at  large. 

Thus  Mr.  Shinn's  own  figures  show  that  in  1868  the  mileage  of  empty 
cars  on  the  Pittsburgh,  Fort  Wayne  and  Chicago  Railroad  was  17.4  per 
cent,  of  the  whole,  while  in  1881  it  had  been  reduced  to  13.2  per  cent. ;  and 
clearly,  if  by  holding  the  cars  at  the  stations  they  were  sent  back  loaded 
instead  of  empty,  that  cannot  be  called  a  decrease  in  their  efficiency. 

Again,  the  accommodation  of  the  customers  is  (or  should  be)  the 
primary  object  with  railroad  managers.  If  expense  can  be  saved  to  the 
owners  in  receiving  or  disposing  of  property  in  transportation,  it  enables 
them  to  pay  a  better  freight  rate,  and  so  conduces  to  the  advantage  of 
the  railroad.  In  the  good  old  days,  when  interest  was  high,  cars  very 
scarce  and  depots  small,  there  were  good  reasons  why  cars  should  be 
kept  constantly  rolling.  The  customers  had  to  beg  for  them,  to  load 
them  in  haste  ;  and  as  soon  as  they  were  received  at  their  destination, 
the  consignee  had  to  haul  the  goods  away  in  wagons,  handle  them  into 
his  warehouse  or  cellar,  and  store  them  until  a  market  was  found  for 
them.  When  disposed  of,  either  for  distribution  to  the  surrounding 
country  or  for  export,  he  had  to  handle  them  out  again,  haul  them  back 
to  the  depot  of  some  transportation  line,  perhaps  to  the  very  one  where 
he  first  received  them,  and  ship  them  away  to  the  consumer. 
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Now,  on  many  classes  of  property,  this  needless  double  cartage  and 
handling  is  largely  done  away  with  by  the  improved  system  which  has 
come  into  use,  of  holding  the  goods  at  the  point  of  production,  and 
shipping  them  when  wanted  direct  to  the  consumer. 

Perhaps  the  examination  of  a  few  individual  cases  will  be  more  con- 
vincing than  mere  abstract  statements.  Let  us  therefore  inquire  what 
changes  have  taken  place  in  the  methods  of  handling  dry  goods,  woolens 
and  other  textile  fabrics  which  go  to  clothe  the  people. 

Twenty  years  ago,  almost  the  whole  of  the  product  of  such  fabrics, 
as  fast  as  produced,  came  to  a  few  Atlantic  cities  for  disposal.  The  goods 
went  into  the  stores  of  the  jobbers,  and  were  thence  distributed  all  over 
the  country.  The  shipments  from  the  mills  were  therefore  regular,  and 
there  was  such  concentration  of  freight  at  the  jobbing  cities,  Boston, 
New  York,  Philadelphia,  etc.,  as  to  furnish  that  regularity  in  business 
which  is  most  conducive  to  the  maximum  movement  of  a  given  number 
of  cars.  This  method,  however,  involved  a  double  handling  and  draying 
at  the  points  of  distribution,  and  much  rearranging  and  repacking  of  the 
goods  in  the  stores  of  the  jobbers. 

Now,  as  I  believe,  very  much  of  the  jobbing  trade  has  gone  to  the  in- 
terior cities .  Their  merchants  keep  buyers  in  New  York,  and  to  this 
point  the  manufacturers,  instead  of  sending  all  their  goods,  send  an 
agent  with  samples  to  solicit  orders.  When  these  are  given  in  sufficient 
volume,  the  goods  are  shipped  direct  from  the  mill  to  the  western  mer- 
chant, and  by  him  distributed  to  the  surrounding  country.  It  is  evident 
that  this  method  effects  a  saving  to  the  trade,  but  that  it  requires  the 
distribution  of  many  more  cars  than  were  formerly  needed  through  the 
manufacturing  districts,  and  the  detention  of  these  cars  at  the  mills  while 
waiting  for  shipping  orders. 

Conversely,  when  the  cars  loaded  with  these  goods  arrive  in  the  West, 
if  an  immediate  return  load  is  not  found,  the  choice  is  offered  to  wait 
for  one  or  to  send  them  back  empty. 

Let  us  see  what  happens,  say  in  the  provision  trade — beef,  pork, 
bacon,  lard,  etc. — a  large  and  profitable  branch  of  our  national  exports. 
In  the  good  old  days,  when  cars  were  scarce  and  their  movement  active, 
the  packers  in  the  West  shipped  their'  product  nearly  as  fast  as  it  was 
manufactured.  It  went  into  stores  in  New  York,  Brooklyn  and  other 
points,  and  there  awaited  customers.  This  involved  double  lightering, 
carting  and  handling. 
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Now,  much  of  the  product  is  kept  in  the  West  until  it  is  ascertained 
whether  it  will  be  sold  in  California,  Texas,  New  York  or  Liverpool.  If 
the  latter  eventuality  occurs,  the  English  merchant  cables  to  his  corres- 
pondent in  New  York  ;  this  agent  then  charters  the  freight  on  some 
steamer  or  sailing  vessel,  and  telegraphs  to  the  western  packer,  who  calls 
on  the  railroad  for  the  waiting  cars.  The  provisions  are  then  shipped 
with  a  through  bill  of  lading  to  Liverpool,  and  are,  upon  their  arrival  at 
New  York,  lightered  directly  to  the  vessel,  thus  transacting  the  business 
at  a  minimum  of  expense,  notwithstanding  the  idleness  of  the  freight 
cars  while  awaiting  the  occasion. 

I  have  been  thus— shall  we  say  tedious — in  making  a  point  which 
might  have  been  stated  in  a  few  words,  because  I  wanted  to  make  it  clear, 
and  because  we  are  all  too  apt  to  look  at  a  subject  from  a  single  point  of 
view,  and  to  assume  that  what  is  best  for  the  interest  we  serve  is  going 
to  be  best  all  around.  • 

Of  course,  it  is  very  desirable  to  obtain  the  utmost  service,  in  the  way 
of  mileage,  which  can  be  got  out  of  freight  cars,  but  if,  by  so  doing,  the 
cost  of  the  other  portions  of  the  business  of  the  customers  is  materially 
increased,  they  will  not  be  able,  limited  as  they  are  between  the  commer- 
cial value  of  a  commodity  at  the  point  of  production  and  at  the  point 
of  its  consumption,  to  pay  the  railroads  as  good  rates  of  freight  as  they 
would  otherwise  afford. 

Now,  I  do  not  say  positively  that  this  is  so  in  the  case  under  con- 
sideration, but  I  do  say  that  before  accepting  Mr.  Shinn's  conclusions, 
that  the  diminished  daily  average  movement  of  cars  indicates  bad 
economy  and  management,  it  is  worth  while  to  investigate  whether  it 
does  not  result  from  a  change  in  the  modes  of  transacting  business 
which  is  beneficial  'to  the  country  at  large  ;  and  whether,  if  the  present 
facilities  be  curtailed,  it  will  not  be  necessary  to  make  corresponding 
reductions  in  the  freight  charges  "  which  the  shipments  w411  bear." 

Two  points  of  possible  railroad  economy,  which  seem  to  me  import- 
ant, have  been  omitted  by  Mr.  Shinn.  The  first  is  the  needed  reduction 
of  the  empty  mileage  of  cars  to  a  minimum.  From  the  figures  which 
he  gives  for  the  Pennsylvania  Railroad  for  1881,  I  deduce  that  33^  per 
cent,  of  the  freight  cars  run  empty,  and  I  have  reason  to  believe  that 
some  of  the  other  trunk  lines  do  even  worse  than  this.  This  empty 
mileage  costs  money  and  brings  in  no  revenue.  It  costs  nearly  as  much 
to  haul  an  empty  car  as  a  full  one,  and  I  believe  that  by  designing  and 
managing  the  cars  (coal,  cattle,  petroleum)  so  that  they  can  be  loaded 
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back,  and  by  having  a  sufficient  number  to  enable  them  to  wait  for  such 
back  loads,  as  has  been  already  indicated,  the  empty  mileage  may  per- 
haps be  reduced  to  a  smaller  percentage  than  it  is  now. 

Another  possible  important  economy  is  likely  to  result  from  the  es- 
tablishment of  large  warehouses  at  terminal  points.  At  present  the  need 
for  this  is  so  great  that  the  railroads  cannot  provide  sufficient  terminal 
depots  to  accommodate  their  customers.  They  are  compelled  to  hold  goods 
from  five  to  thirty  days,  until  they  have  been  disposed  of  in  some  way, 
either  by  sale,  or  chartering  of  some  vessel  to  export  them,  or  otherwise. 
The  worst  of  this  method  is  that  it  not  only  operates  unequally  and  un- 
justly, but  the  railroads  do  not  receive  compensation  for  the  storage  which 
they  furnish.  If  this  public  demand  were  met  by  an  organized  effort 
to  accommodate  it  more  fully,  and  the  railroads  either  built  or  promoted 
the  building  of  large  public  stores  and  warehouses  in  close  connection 
with  their  terminal  arrangements,  the  customers  might  be  saved  double 
cartage  on  all  consignments  which  did  not  enter  into  immediate  con- 
sumption, and  might  be  given  time  to  dispose  of  the  property  to  the 
best  advantage  (which  sometimes  they  are  not),  while  the  railroads 
would  receive  fair  compensation  for  such  storage  as  they  did  furnish  (if 
they  owned  the  warehouses),  and  would  also  secure  a  prompt  unloading 
of  their  cars. 

Each  road,  however,  will  have  to  work  out  these  and  similar  reforms 
for  itself,  in  view  of  all  the  surrounding  circumstances,  so  as  to  accom- 
plish the  best  economical  results.  I  simply  mention  them  now  to 
attract  the  attention  of  those  who  may  be  interested  in  further  railroad 
economies. 

With  respect  to  the  detention  of  freight  cars  on  "  foreign  roads,"  and 
the  methods  of  paying  for  their  use,  I  quite  agree  with  Mr.  Shinn  that 
there  are  serious  defects  in  the  present  system  of  "mileage  charges," 
but  as  he  has  not  stated  a  specific  plan,  I  wish  to  mention  some  general 
objections  which  occur  to  me  as  applying  to  the  "  per  diem  charges  " 
which  he  proposes  to  substitute. 

In  the  first  place,  it  is  not  unlikely  to  lead  to  a  considerable  increase 
in  the  mileage  of  empty  cars.  The  terminal  road,  after  receiving  a  car 
and  unloading  it,  will  be  very  apt  to  return  it  empty,  instead  of  holding 
it  in  the  hope  of  finding  a  load.  This  it  will  do  to  save  the  per  diem 
charge,  and  especially  if  it  has  only  a  short  haul  to  make  to  get  rid  of 
the  car.     In  the  latter  case,  a  considerable  hardship  may  be  inflicted 
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upon  the  next  road,  if  it  chances  to  have  a  long  haul  upon  this  empty 
car,  which  thus  becomes  a  source  of  expense  and  earns  no  revenue. 
This  clearly  is  not  good  economy;  for  increased  movement  of  freight  cars 
is  desirable  only  Avhen  they  carry  loads. 

Secondly.  In  the  absence  of  a  specific  plan,  I  do  not  see  very  well  how 
the  per  diem  charge  is  going  to  follow  the  car  over  the  different  roads 
over  which  it  passes,  so  as  to  afford  any  check  to  its  owner.  It  is,  we 
will  say,  delivered  to  road  A,  which  passes  it  over  to  road  B,  and  the 
latter  delivers  it  to  0,  and  so  on.  When  it  comes  back,  and  this  j)erhaps 
over  a  different  line  than  that  to  which  it  Avas  originally  delivered,  the 
owner  of  the  car,  doubtless,  knows  how  many  days  it  has  been  away  in 
the  aggregate,  but  how  will  he  be  able  to  apportioa  those  days,  if  some 
of  the  roads  have  omitted  to  report,  or  have  made  mistakes  in  reporting 
the  time  the  car  was  on  their  line  ?  At  present,  by  the  mileage  plan,  the 
road  owning  tbe  car  has  a  check — a  rough  one,  to  be  sure — upon  the  re- 
ports which  it  receives.  If  it  loads  and  bills  a  car  for  a  distant  point, 
it  knows  from  the  distance  tables  how  many  miles  it  has  to  go  over  each 
road  forming  the  line,  but  it  cannot  tell  how  many  days  each  road  takes 
in  hauling  that  particular  car.  One  important  defect  in  the  present 
mileage  charge,  to  be  sure,  is  that  a  car  can  be  used  in  local  traffic  with- 
out being  reported,  and  the  owner  has  no  check  to  show  this,  but  the 
very  fact  that  he  has  a  check  over  the  aggregate  number  of  days,  when  a 
per  diem  charge  is  substituted,  may  lead  to  great  vexations  and  disputes, 
and  necessitate  an  elaborate  and  expensive  system  of  checking  the  de- 
livery of  cars — in  fact,  a  car  clearing-house. 

Perhaps,  with  the  growing  and  inevitable  consolidation  of  our  rail- 
road lines  into  great  systems,  and  the  consequent  decrease  of  parties  with 
whom  each  road  has  to  deal,  much  of  these  objections  will  disappear. 
When  but  one  or  two,  or  even  three,  roads  have  to  be  settled  with  in  ap- 
portioning the  per  diem  charges  on  a  car,  it  will  be  a  much  simpler  mat- 
ter than  it  would  have  been  thirty  years  ago,  with  five  or  six  roads  in 
each  line  between  New  York  and  Chicago. 

TJiirdly.  There  is  the  probable  increased  expense  in  keeping  the 
accounts  if  a  per  diem  charge  is  substituted  for  the  present  mileage 
system.  I  believe  the  car  accountants,  who  have  repeatedly  had  the 
subject  under  consideration,  are  satisfied  that  a  clearing-house  will 
be  necessary,  and  that  the  clerical  labor  will  be  greater  than  that  now 
required. 
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Fourthly.  We  must  take  some  account  of  the  probable  opposition  to 
the  proposed  change.  This  will  arise  from  at  least  two  sources  :  first, 
from  those  roads  which  profit  bj  the  imperfections  of  the  present 
system,  and  which  will  threaten  to  turn  their  business  away  from  the 
roads  which  attempt  to  inaugurate  a  reform;  and,  secondly,  from  that 
general  feeling  of  conservatism  which  opposes  all  changes.  If,  how- 
ever, a  good  and  equitable  plan  is  presented,  and  it  is  shown  to  be 
superior  to  the  present  method,  the  opposition  to  a  change  can  and 
should  be  surmounted. 

Fifthly.  In  elaborating  such  a  plan,  account  should  be  taken  of  the 
inevitable  temporary  confusion  which  results  from  a  change  of  methods, 
and  also  of  the  various  hardships  which  are  likely  to  arise  in  unforeseen 
cases  from  the  application  of  general  rules.  For  instance,  the  question 
will  come  up  as  to  who  is  to  pay  the  per  diem  charge  in  case  a  road 
which  is  ofiered  a  car  loaded  for  some  point  on  its  line  refuses  to  receive 
it,  either  in  consequence  of  a  temporary  freight  blockade,  or  because  it 
claims  that  the  car  is  not  in  good  repair,  while  the  delivering  road 
claims  that  it  is  in  running  order.  Again,  how  much  is  to  be  paid  per 
diem  if  a  car  is  wrecked  upon  a  "foreign  road,"  and  has  to  be  rebuilt, 
a  process  which  I  have  known  to  occupy  six  months  or  a  year  ?  In  this 
case  the  road  owning  the  car,  perhaps  an  old  one,  will  get  a  new  car 
and  a  handsome  per  diem  for  the  worn-out  vehicle  it  passed  off  upon  its 
neighbor.  And  again,  what  shall  be  the  minimum  charge  to  a  road 
having  a  very  short  haul,  which  occupies  less  than  a  day  ?  I  know 
several  instances  in  which  roads  have  only  from  six  to  twenty  miles  haul 
upon  considerable  volumes  of  traffic,  and  insist  upon  doing  the  business 
themselves,  instead  of  granting  a  running  right.  They  will  probably 
object  to  paying  for  a  whole  day  if  they  do  the  work  in  two  or  three 
hours.  I  might  also  ask  how  the  per  diem  is  to  be  computed  upon  a 
"lost  car,"  but  that  is  an  exceptional  case,  and  the  hardship  is  the  same 
under  the  present  mileage  system. 

I  mention  these  objections,  not  as  insuperable  obstacles  to  the 
reform  which  Mr.  Shinn  proposes,  but  to  show  that  before  it  can  be 
carried  out,  he  has  to  do  a  good  deal  more  than  merely  to  suggest  it. 
He  must,  in  fact,  present  a  well-matured  plan,  and  show  how  it  is  going 
to  work.  This  must  be  simple,  and  in  sufficient  detail  to  provide  for  all 
ordinary  cases,  and  for  some  of  the  contingencies  likely  to  arise.  The 
organization  at  junction  points  and   in   the  general  offices  should    be 


187 

indicated,  as  well  as  the  rules  which  shall  govern  in  inspection  of  cars 
and  in  accounting. 

I  hope  that  Mr.  Shinn  will  indicate  his  views  and  plans  fully  in 
summing  up  the  discussion  on  his  paper,  for  the  reform  which  he  ad- 
vocates is  important,  and  although,  as  he  says,  the  proposal  is  not  new, 
I  believe  no  attempt  has  hitherto  been  made  to  reduce  it  to  practice, 
chiefly  for  the  want  of  an  adequate  plan. 

Now,  concerning  the  last  and  very  important  point,  as  to  what  the 
per  diem  charge  shall  be,  I  should  like  to  say  a  few  words.  This  ques- 
tion is  likely  to  bring  out  great  divergence  of  views,  and  until  it  is  set- 
tled there  does  not  seem  much  hope  of  getting  the  change  in  system 
adopted.  It  will  be  seen,  for  instance,  that  I  figure  up  the  fair  charge 
per  diem  at  only  about  one-quarter  of  that  proposed  by  Mr.  Shinn,  and 
doubtless  others  who  may  discuss  his  paper,  and  especially  the  railroad 
managers,  when  they  come  to  consider  the  per  diem  charge  in  the  practi- 
cal light  of  their  respective  interests,  will  entertain  still  different  views, 

Mr.  Shinn  proposes  a  charge  of  one  dollar  per  day,  and  he  thinks  this 
to  be  a  fair  charge,  because  it  represents  about  the  earning  capacity  of 
cars  upon  the  roads  with  which  he  is  most  familiar.  He  defends  it  upon 
the  ground  that  a  company  which  has  secured  an  adequate  supply  of 
cars  is  entitled  to  their  use  or  its  value. 

I  think  Si  per  diem  altogether  too  much,  because  it  yields  very  much 
more  than  the  interest  upon  the  cost  of  a  car,  its  depreciation  and  cost 
of  repairs  ;  and  I  submit  that,  in  fixing  a  general  rate  for  car  service,  the 
object  should  be  not  so  much  to  obtain  large  profits  when  cars  are  in  de- 
mand, as  to  promote  the  current  interchange  of  business  without  un- 
necessary reloading  of  cars,  and  upon  terms  equally  fair  to  all  roads. 

Let  us  see  what  car  service  is  reasonably  worth  on  this  basis.  Freight 
cars  of  various  classes  cost  on  an  average  about  $550  each,  arid  the  yearly 
interest  on  this,  at  G  per  cent.,  is  .^33  a  year.  At  7  per  cent,  it  is  $38.50 
yearly.  In  addition  to  this  there  is  the  cost  of  "car  maintenance," 
which  includes  current  repairs,  renewals  to  cover  depreciation,  and  re- 
building of  cars  to  keep  the  number  good.  On  the  New  York,  Lake  Erie 
and  Western  Railroad  this  averaged  $40.92  per  freight  car  for  the  five 
years  preceding  1882.  It  averaged  $09.01  per  freight  car  for  1881  upon 
the  Pennsylvania  Railroad  system,  including  the  United  Railroad  of 
New  Jersey  and  the  Philadelphia  and  Erie  Railroad.  On  the  Pennsyl- 
vania Railroad  proper  it  averaged  $66.51  per  freight  car  for  the  year  1881. 
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Now,  on  the  basis  of  7  per  cent,  interest,  and  the  cost  of  maintenance 
on  the  "  Erie,"  the  annual  charge  is  $79.42,  or  some  22  cents  a  day,  and 
on  the  basis  of  6  per  cent,  interest  and  cost  of  maintenance  on  the 
"Pennsylvania  system,"  the  annual  charge  is  ^102.01,  or  some  28  cents 
a  day  per  car.  We  must  bear  in  mind  in  addition  that  each  road  is 
bound  to  keep  the  car  in  current  repair  while  on  its  line,  so  that  it  seems 
to  me  that  a  per  diem  charge  of  25  or  30  cents  a  day  would  be  a  fair  one 
all  around,  in  the  general  exchange  of  business.  If  made  35  cents  a  day 
it  would  pay  the  cost  of  maintenance  on  the  basis  of  1881  on  the  "  Penn- 
sylvania system,"  and  nearly  11  per  cent,  interest. 

In  my  judgment,  the  attempt  to  charge  $1.00  per  day  for  the  use  of 
freight  cars  in  the  general  exchange  of  business  would  be  pretty  sure 
to  defeat  itself.  The  roads  with  limited  rolling  stock  would  resort  to 
various  devices  to  keep  the  "  per  diem  "  at  a  minimum,  such,  for  in- 
stance, as  refusing  to  receive  cars,  under  various  pretexts,  until  they 
were  prepared  to  haul  them  directly  through  ;  providing  their  own  cars 
into  which  to  reload  the  goods  at  junction  points  ;  holding  back  ship- 
ments until  they  can  procure  cars  from  some  rolling  stock  company, 
which,  as  Mr.  Shinn  says,  hire  out  cars  for  $15  a  month,  or  50  cents  a 
day,  &c. ;  all  of  which  will  tend  to  bring  about  freight  blockades 
and  much  wrangling. 

I  believe,  therefore,  that  in  order  to  make  the  change  which  Mr. 
Shinn  proposes  acceptable,  it  will  be  necessary  not  only  to  present  an 
adequate  plan,  but  also  to  make  the  basis  of  the  per  diem  charge  so 
eminently  equitable  that  it  will  be  generally  acquiesced  in;  and  how 
this  shall  be  done  will,  I  hope,  be  indicated  by  the  author  in  closing 
the  discussion  of  his  paper. 
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HOW  CAN  RAILWAYS  BE  MADE  MORE  EFFICIENT  IN  THE 
TRANSPORTATION  OF  FREIGHT? 


By  William  P.  Shinn,  M.  Am.  Soc.  C.  E. 


Read  at  the  Annual  Convention  of  the  Society,  held  at  St.  Paul 
AND  Minneapolis,  Minx.,  June  19th,  1883. 


In  the  discussion  of  my  paper  on  "  The  Increased  Efficiency  of  Rail- 
ways for  the  Transportation  of  Freight"*  it  was  requested  that  I 
should  sum  up  the  discussion,  which  I  propose  to  do  in  this  paper. 

It  has  been  a  disappointment  to  me,  as  to  many  other  members  of 
the  Society,  that  so  little  discussion  has  been  brought  out  from  the 
operating  officials  of  railways,  as  they  are  the  parties  who  must  be 
reached  if  any  practical  measures  are  to  be  adopted  to  further  increase 
railway  efficiency. 

The  criticisms  having  an  adverse  tendency  may  be  divided  for  the 
purpose  of  their  consideration  into  two  classes,  viz.  : 

A.  Suggestions  of  omissions  in  my  enumeration  of  the  causes  which 
have  led  to,  or  made  possible,  the  greatly  increased  efficiency  shown 
to  have  been  reached;  and 


*  Read  at  the  meeting  of  Am.  Soc.  of  Civil  Engineers,  December  6, 1882,  and  publisHed 
in  Transactions  for  November,  1882,  Vol.  XI,,  page  365. 
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B.  Objections  to  and  criticisms  of  my  enumeration  of  means  to  be 
adopted  to  secure  the  further  increase  in  efficiency  which  is  desirable 
and  attainable. 

I  will  proceed  to  discuss  them  under  these  two  heads,  beginning  with 
class  A. 

I  will  remark,  'parenthetically,  that  I  did  not  attempt  to  discuss 
** economy  of  cost,"  except  as  it  is  connected  with  efficiency  in  accom- 
plishing the  work  better,  quicker,  or  more  of  it ;  as,  for  instance,  an 
improved  locomotive  might  burn  less  fuel  in  doing  the  same  work,  but 
be  unable  to  do  more  work  ;  while  that  would  be  an  increase  of  effi- 
ciency, economically  considered,  it  would  not  be,  if  I  may  so  express  it, 
quantitively  considered. 

My  discussion  has  been  aimed  at  the  consideration  mainly  of  quan- 
titive  efficiency,  upon  which,  of  course,  every  economy  in  cost  has 
an  indirect  efifect  in  widening  the  range  and  increasing  the  movement  of 
traffic,  but  the  general  subject  of  "  Economy  in  Eailway  Management  " 
is  much  too  broad  for  discussion  in  connection  with  my  former  paper. 

Mr.  John  B.  Jervis,  Hon.  M.  Am.  Soc.  C.  E.,  refers  to  the  great 
importance  of  improvement  in  the  road-bed,  in  which  he  is,  of  course, 
-entirely  correct.  The  road-bed  is  the  foundation  of  the  structure,  and, 
like  any  other  foundation,  it  must  be  solid,  well  drained,  with  an  abund- 
ance of  good  ballast,  as  a  condition  precedent  to  the  maintenance  of 
good  track. 

The  adoption  of  the  steel  rail,  forming  a  more  enduring  super- 
structure, has  led  to  the  use  of  more  and  better  ballast,  and  in  many 
<}ases  to  changes  in  alignment  which  have  resulted  in  better  road-bed. 

Mr.  Jervis  suggests  that  my  estimate  of  the  saving  in  cost  for  rails, 
and  labor  on  track,  by  the  adoption  of  steel  rails,  with  their  accompany- 
ing improvements,  as  being  from  40  to  60  per  cent,  of  the  cost  per  ton 
per  mile  when  iron  rails  were  used,  is  rather  large,  and  it  does  appear 
so.  When  it  was  made  it  was  based  upon  general  information,  but  the 
exact  data,  showing  a  comparison  of  the  expenses  for  rails  and  for  labor 
repairing  track,  on  the  Pennsylvania  Railroad  and  the  Pittsburgh,  Fort 
Wayne  and  Chicago  Railway  (for  details  of  which  see  Schedule  A)  give, 
the  following  as  the  cost  for  those  items  per  "engine  mile"  and  per 
''ton  mile,"  viz. : 
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PENNSYIiVANIA  RAILROAD. 


Cost  pee  Engine  Mlle. 

Cost 

PER  Ton  Mile. 

Average  for  5  Years. 

Rails. 

Labor. 

Total. 

Rails. 

Labor. 

Total. 

Cts. 

Cts. 

Cts. 

Cts. 

Cts. 

Cts. 

1868-1872 

8.41 

2.08 

10.49 

.0754 

.0186 

.0940 

1878-1882 

1.79 

3.16 

4.95 

.0095 

.0175 

.0270 

Decrease 

6.62 

Increase. 
1.08 

5.54 

.0659 

.0011 

.0670 

"       percent 

78-^- 

51x^0 

52i%- 

87-i- 

5-A- 

71    3 

PITTSBURGH,  FORT  WAYNE  AND  CHICAGO  RAILWAY. 


FOR  Years. 

Cost  per  Engine  Mile. 

Cost 

PER  Ton  Mile. 

Averages 

Rails. 

Labor. 

1 

Total. 

Rails. 

Labor . 

Total. 

1866-1868. 

Cts. 
9.27 
1.18 

Cts. 

3.95 

3.08 

Cts. 
13.22 
4.26 

Cts. 

.1217 

.0094 

Cts. 

.0520 

.0245 

Cts. 
.1737 

1878-1882 

.0339 

Decrease . 

8.09 
87 

0.87 
22 

8.96 
67-8- 

"*  10 

.1123 

92A 

.0275 
52-A 

.1398 

"       P 

er  cent 

8O-/0- 

From  which  it  appears  that  the  reduction  in  cost  per  ton  ^er  mile  of 
the  items  referred  to  has  been  from  70  to  80  per  cent,  on  the  roads 
named.  This  large  decrease  will  not,  probably,  continue  to  be  shown, 
as  steel  rails  be'come  worn,  and  the  annual  renewals  reach  their  average, 
but  it  will  probably  fully  equal  my  estimate  of  40  to  60  per  cent. 

The  increase  in  traction  power  of  locomotives,  referred  to  by  Mr. 
Jervis,  although  it  has  been,  during  the  period  covered  by  Mr.  Jervis' 
ripe  experience,  a  potent  factor,  has  not  been  so  prominent  during  the 
ten  years  covered  by  my  inquiry.     It  was  rated  as  fully  one- sixth  of  the 
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weight  on  drivers  in  1870,  while  it  does  not  exceed  one-fifth  now— an 
increase  in  proportion  of  twenty  per  cent. 

Mr.  Jervis'  reminder  of  the  progress  made  in  this  regard  in  fifty 
years  is  as  interesting  as  it  is  instructive. 

Mr.  Jos.  S.  Paxson  writes  suggesting  the  importance  of  "  loose,"  or 
"independent"  wheels  on  cars,  as  a  measure  of  great  economy  and 
consequent  efficiency,  and  refers  to  a  table  of  curve  and  grade  resist- 
ances, from  which  he  quotes  as  follows  : 

An  engine  that  will  haul  on  a  level  tangent  1  096  tons 

will  haul  on  a  level  5^  curve 921    " 

"       "  lOo      "        662    " 

and  adds  :  "Now,  if  axles  with  independent  wheels  will  effect  a  saving 
"  of,  say,  one-half  the  above  losses,  and  I  think  much  more  than  that  can 
"  be  saved  by  their  use,"  &c.  To  which  I  can  only  say,  that  the  best 
authorities  on  curve  resistance  place  it  at  about  0.45  pounds  per  ton  per 
degree  of  curvature,  of  which  but  0.175  pounds  are  assigned  to  the  slip- 
ping of  wheels,  owing  to  difference  in  length  of  rails,  or  less  than  40 
per  cent,  of  the  whole  curve  resistance,  the  saving  of  which  is  not 
considered  to  justify  the  adoption  of  loose  wheels,  with  their  diffi- 
culties and  objections. 

Mr.  Robt.  L.  Harris,  M.  Am.  Soc.  C.  E.,  suggests:  "The  telegraph 
"  (and  its  proper  use)  is  one  great  power  for  the  increased  efficiency  of 
"  railroads  for  the  transportation  of  freight,"  &c.,  as  a  point  not  touched 
upon  in  my  paper.  I  do  not  undervalue  the  use  of  the  telegraph, 
but  my  paper  had  special  reference  to  the  increase  in  efficiency  during 
the  decade  from  1870  to  1880,  while  the  telegraph  was  quite  fully 
brought  into  use  during  the  previous  decade.  The  telegraph  is  deserv- 
ing of  all  that  Mr.  Harris  says  of  it  as  a  factor  in  railway  efficiency. 

'  Referring  next  to  the  criticisms  under  class  B,  Mr.  H.  Bissell,  M. 
Am.  Soc.  C.  E.,  states  as  an  objection  to  running  engines  "First  in, 
first  out,"  that  "You  cannot  lay  the  blame  for  want  of  care  of  the 
"  engines  to  the  parties  who  run  them."  This  is  an  old  objection,  and 
is  fully  discussed  in  my  remarks  published  in  Transactions  for  April, 
1883. 

It  is  the  question  of  the  division  of  labor,  found  so  necessary  in  all 
mechanical  operations,  and  whenever  it  is  brought  about  the  objection 
disappears. 
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The  principal  adverse  discussion  is  upon  my  proposition  of  a  per 
diem  charge  for  freight  cars  when  on  foreign  roads. 

I  will  here  call  attention  to  the  fact,  that  I  do  not  suggest  this  plan 
as  a  panacea  for  all  the  evils  that  restrict  car-movement,  but  only  as 
the  best  means  for  correcting  the  worst  of  those  evils.  My  critics  all 
agree  that  it  is  a  great  evil — and  I  may  add  a  growing  one — and  that 
it  should  be  remedied;  they  agree  that  something  should  be  done,  but 
do  not  approve  of  the  per  diem  charge.  Their  objections  are,  briefly 
stated,  as  follows: 

Mr.  Chas.  Paine,  Prest.  Am.  Soc.  C.  E.,  says: 

1.  A  "  demurrage  "  charge  for  detention  of  cars  at  stations  or  sidings 
is  a  success,  but 

2.  Its  collection  cannot  be  entrusted  to  the  Freight  Department. 

Mr.  Paine's  first  proposition  meets  my  approval — a  reasonable  demur- 
rage charge  must  be  made  for  cars  unduly  detained  in  loading  and 
unloading,  not  only  in  the  interest  of  the  railroad  company,  but  also 
for  the  encouragement  and  protection  of  those  parties  who  do  load  and 
unload  promptly,  and  who  suffer  in  busy  seasons  when  others  detain 
cars  unnecessarily.  But  his  second  proposition  seems  to  me  to  be  equiv- 
alent to  saying  that  the  officers  and  agents  of  the  Freight  Department  of 
railways  cannot  be  kept  subordinate  to  the  general  management;  that 
they  cannot  be  made  to  carry  out  the  policy  decided  upon.  To  this 
I  cannot  agree. 

That  they  have  frequently  occupied  such  a  position,  I  admit;  but 
that  it  is  a  necessity  of  the  service,  or  that  their  assuming  such  a  relation 
to  the  responsible  management  shows  anything  but  a  lack  of  fitness  for 
the  position,  I  cannot  concede. 

The  arranging  for,  and  charging  of  a  proper  demurrage,  is  a  proper 
function  of  the  Commercial  Department,  and  that  department  can  best 
assume  and  enforce  it.  A  general  freight  agent  who  cannot  or  will  not, 
needs  an  immediate  successor. 

3.  Mr.  Paine  admits  that  "  the  detention  of  cars  on  foreign  roads  is 
one  of  the  great  evils  of  our  railway  system,"  but  "  cannot  agree  that 
the  per  diem  charge  for  cars  when  on  foreign  roads  would  be  a  success." 

The  fact  that  "  it  was  once  tried /or  a  few  weeks^^  Mr.  Paine  would 
scarcely  rely  upon  as  demonstrating  its  impracticability.  What  wholly 
new  thing  ever  achieved  success  in  its  first  few  weeks'  trial  ? 
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Did  the  locomotive,  with  its  rack  and  pinion,  its  *'  grasshopper  legs," 
et  id  genus  omne  ?  Was  the  telegraph  or  the  telephone,  the  electric  light, 
or  the  Bessemer  converter  ? 

Per  contra,  the  letters  of  Mr.  E.  P.  Vining,  attached  hereto  as  Appen- 
dix D,  show  that  the  plan  was  in  operation  between  the  Chicago, 
Burlington  and  Quincy  Railroad  and  the  Union  Pacific  Railway  for  two 
years,  and  that  it  gave  satisfaction,  and  was  only  abandoned  because 
other  companies  did  not  adopt  it,  and  those  companies  did  not  desire  to 
keep  up  two  systems. 

The  reasons  assigned  by  Mr.  Paine  for  the  alleged  impracticability 
are  partly  due  to  bad  management,  or  lack  of  management,  which  should 
be  removed  or  improved  as  a  condition  precedent  to  the  success  of  any 
scheme  for  increasing  efficiency;  and  they  are  partly  of  such  an  acci- 
dental or  infrequent  occurrence  as  to  need  a  special  rule  or  exception  to 
govern  them. 

The  snow-storm  or  flood,  which  Mr.  Paine  pictures  as  raging  at  the 
ierminus,  may  and  will  as  frequently  operate  on  the  long  and  intermediate 
lines  as  on  the  short  and  terminal  roads. 

Blockades,  except  from  some  natural  and  extraordinary  obstruction, 
need  not  and  should  not  occur.  While  they  do  occur,  they  demonstrate 
that  cars  are  in  excess  of  other  facilites;  when  cars  are  idle  because  they 
are  not  needed,  they  should  be  at  home,  and  not  on  some  foreign  railroad 
waiting  for  traffic; 

It  will  need  some  looking  ahead,  both  to  avoid  blockades  of  loaded 
cars  and  to  avoid  getting  many  empty  foreign  cars  on  hand,  but  it  is 
worthy  of  note  that  the  cost  to  any  company  will  be,  not  the  whole  sum 
it  pays  for  other  companies'  cars,  but  that  sum  minus  what  it  receives 
from  other  companies  for  the  use  of  its  own  cars. 

4.  Mr.  Paine  expresses  the  opinion  that  the  remedy  for  the  evil  is  "  a 
"  clearing  house,  to  which  all  roads  shall  report,  and  which  should  have 
"  authority  to  order  the  movement  of  cars  which  are  not  detained  for 
"good  cause."  The  principal  objection  to  a  "clearinghouse"  is  the 
extent  of  the  country;  it  would  take  a  week  to  get  a  report  from  the 
Pacific  coast,  and  two  to  three  days  to  get  reports  from  other  extremes  of 
the  country ;  the  situation  would  be  so  changed  before  the  clearing  house 
got  its  reports  digested  that  its  efforts  would  generally  be  anticipated, 
and  the  cars  ordered  forward  would  have  taken  up  another  location 
before  the  order  to  move  them  would  reach  the  parties  in  fault. 
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The  great  point  to  gain,  is  to  make  it  the  interest  of  the  companies  to 
handle  foreign  cars  rapidly  and  to  return  them  promptly,  and  it  will  be 
done.  A  dollar  paid  out  directly  counts  for  more,  with  many  superin- 
tendents, than  five  dollars  paid  or  lost  indirectly,  that  does  not  distinctly 
appear  on  a  voucher. 

Viewing,  as  I  do,  most  freight  car  blockades  as  indicating  a  lack  in 
administrative  methods,  either  from  inability  to  discern  what  particular 
facilities  are  needed,  or  from  lack  of  capacity  to  systematize  the  move- 
ment of  traffic  and  correlate  its  movement  with  the  receipt  and  delivery, 
I  cannot  consent  to  regard  any  objection  based  upon  frequent  or  chronic 
blockades  from  other  than  unforeseen  natural  causes,  as  worthy  of  serious 
consideration  in  deciding  upon  the  merits  of  any  plan  of  settlement  for 
car  service. 

When,  in  1863,  the  writer  was  called  to  the  position  of  Superintendent 
of  the  Eastern  Division  of  the  Pittsburgh,  Fort  Wayne  and  Chicago  Rail- 
way, he  found  local  freight  blockades  to  be  of  weekly  occurrence,  and 
nearly  every  Sunday  was  occupied  in  "clearing  the  road"  of  its  weekly 
accumulation;  but  he  looked  for  the  cause,  located  and  remedied  it,  and 
with  no  particular  addition  to  facilities,  but  by  a  systematic  use  of  what 
they  had,  the  difficulty  was  wholly  removed  within  a  month.  But  the 
occurrence  of  a  blockade,  when  the  result  of  natural  causes,  can  be  much 
mitigated  by  prompt  notice  to  connecting  roads,  and  an  immediate  sus- 
pension of  receipt  of  freight  for  the  blockaded  line. 

Mr.  O.  Chanute,  M.  Am.  Soc.  C.  E.,  presents  a  very  able  discussion 
of  my  paper,  to  which  I  respond,  partly  in  answer  to  his  objections  to 
criticisms  of  my  expressed  views,  and  partly  in  compliance  with  his. 
formal  demand  for  a  concrete  plan  of  enforcing  the  per  diem  charge. 

Mr.  Chanute  queries:  "Whether  the  diminished  average  mileage 
"  obtained  from  cars  is  an  unmixed  evil  ?" 

Probably  not.  So  imperfect  are  our  best  plans,  and  so  deficient  are 
our  most  earnest  efforts,  that  perfection  is  not  to  be  expected  in  this  any 
more  than  in  other  directions. 

But  to  "Do  not  evil  that  good  may  come  "  is  as  applicable  to  physics 
as  to  ethics,  and  we  are  not  called  upon  to  perpetuate  an  evil,  nor  should 
we  defend  it,  merely  because  some  good  grows  out  of  it,  Mr.  Chanute 
raises  several  points  of  possibly  existing  advantages,  growing  out  of  the 
decreased  movement,  but  admits  that  they  are  only  hypotheses,  and  may 
not  really  exist. 
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I  might  assume  that  what  Mr.  Chanute  will  not  assert,  I  am  not 
called  upon  to  deny,  but  I  will  consider  them  as  fair  hypotheses,  and  try 
to  show  that  even  if  they  do,  in  a  measure,  exist,  they  do  not  warrant  a 
continuance  of  the  system. 

Taking  first  the  comparison  in  empty  car  mileage  on  the  Pittsburgh, 
Fort  Wayne  and  Chicago  Railway: 

In  1868,  loaded,  82.6.  Empty,   17.4  per  cent. 

"    1881,       "       86.8.  "        13.2     "       " 


Increase....    4.2.  Decrease    4.2     "       " 

The  increase  in  loaded  mileage  from  82.6  to  86.8  per  cent,  is  5  per 
cent,  of  the  1868  mileage,  while  the  decrease  in  car  mileage  from  47,67 
to  37.72  miles  per  day  is  21  per  cent. ;  and  this  is  in  the  face  of  longer 
runs  for  the  cars  in  1881.  Certainly  an  increased  loading  of  5  per  cent, 
cannot  justify  a  decreased  movement  of  21  per  cent. 

"Again,"  Mr.  Chanute  says,  "the  accommodation  of  customers.is  (or 
"  should  be)  the  primary  object  with  railroad  managers." 

I  venture  the  opinion  that  they  do  not  so  understand  it. 

The  "primary  object"  with  railway  managers  is  the  production  of 
net  earnings.  This  can  best  be  accomplished  by  extending  reasonable 
accommodation  to  customers. 

If  customers  prefer  to  paT/  for  keeping  cars  idle,  then  railway  com- 
panies can  aiSbrd  to  keep  a  surplus  of  cars  for  that  purpose;  but  that 
cannot  be  properly  termed  "accommodation  of  customers  "  which  keeps 
cars  lying  empty  at  one  customer's  siding  or  warehouse,  while  another 
cannot  get  cars  at  all. 

I  know  of  a  case  where  a  "customer"  is  "accommodated,"  but 
scarcely  to  the  benefit  of  the  railway  company. 

Having  occasion  some  months  since  to  visit  a  manufacturing  estab- 
lishment which  uses  perhaps  ten  cars  of  coal  per  month,  and  produces 
ten  to  twelve  cars  of  product,  I  noticed  a  car  being  loaded  with  debris, 
to  be  unloaded  a  short  distance  from  the  works.  The  loading  of  a  car 
took  about  three  days,  and  when  I  asked  if  the  railway  company  allowed 
its  cars  to  be  so  used  (for  the  load  did  not  go  on  its  line  at  all),  the  man- 
ager said,  "  Oh,  I  only  load  this  car  once,  and  then  I  take  another;"  but 
the  result  is  he  uses  one  railway  company's  car  (not  always  the  same 
company)  all  the  time,  and  pays  nothing  for  its  use  and  does  no  repairs. 
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I  do  not  think  there  has  been  any  such  general  change  in  the  manner 
of  doing  business  as  Mr.  Chanute  suggests;  certainly  no  railway  com- 
pany, when  business  is  brisk,  sends  its  cars  to  a  mill,  to  be  detained  there 
*'  while  waiting  for  shipping  orders."  The  mill  proprietors  are  fortunate 
if  at  such  times  they  can  get  cars  to  fill  the  orders  on  hand. 

Goods  are  not  loaded  until  their  destination  is  known,  and  manufac- 
turers cannot  know  whose  cars  to  order  until  they  know  to  what  point 
they  desire  to  ship. 

A  reasonable  allowance  of  time  for  loading,  unloading,  switching, 
making  up  trains,  etc.,  is  of  course  to  be  made,  but  there  must  be  a 
limit. 

The  average  schedule  speed  of  freight  trains  over  each  division,  or 
from  yard  to  yard,  is  probably  not  less  than  ten  (10)  miles  per  hour, 
equal  to  240  miles  per  day. 

The  "average  haul  "  of  freight  in  the  Union  Line  cars  in  1881  was 
692  miles,  nearly,  always  without  transfer.  This  at  10  miles  per  hour 
would  occupy  69.2  hours,  but  at  the  average  miles  run  by  Union  Line 
cars  iu  1881,  of  53.64  per  day,  or  2.235  miles  -pev  hour,  it  required  309.6 
hours  average  for  each  car  to  be  loaded,  run  692  miles  and  unloaded. 

Now,  309.6   hours  =  12.90  days. 

69.2       "      =     2.47     " 

Difference.    240.4       "      =10.43     " 

which  shows  that  each  Union  Line  car  stood  still  on  an  average  10.43 
days  between  each  two  average  runs  of  2.47  days,  or,  in  other  words,  that 
it  was  running  but  one  day  out  of  each  5.32  secular  days. 

The  average  haul  of  freight  on  the  Pittsburgh,  Fort  Wayne  and  Chi- 
cago Railway  in  1881  was  217.63  miles,  requiring,  at  10  miles  per  hour, 
21.76  hours,  or  0.90  days. 

The  average  miles  run  by  cars,  37. 72  per  day,  gives  5. 75^  days  to  run 
217.63  miles,  so  that  each  car  averagid  a  movement  of  .90  days  in  each 
5.75  days,  or  one  day  in  each  0.34  secular  days.  The  year  1881  was  a 
season  of  active  movement  and  great  demand  for  cars.  Will  any  one 
claim  that  this  amount  of  "accommodation"  is  either  justifiable  or 
remunerative  ?     (See  Appendix.) 

The  importance  of  reducing  empty  car  mileage  to  a  minimum,  while 
it  was  not  specifically  mentioned  in  my  paper,  was  not  overlooked.  I 
referred  to  the  "  more  general  back  loading  of  cars  "  as  one  of  the  means 
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by  which  the  increased  efficiency  noted  had  been  reached,  and  did  not 
refer  to  it  further  because  that  point  is  very  generally  understood  and 
admitted.  I  agree  with  all  that  Mr.  Chanute  says  in  regard  to  its  import- 
ance, and  also  to  his  views  of  the  benefit  of  a  comprehensive  warehousing 
system  at  terminal  points,  to  operate  for  other  traffic  as  elevators  do  for 
grain. 

Considering  next  Mr.  Chanute's  criticisms  on  the  proposed  "per  diem 
charge  "  in  their  order,  many  of  his  objections  will  be  seen  to  have  no 
adequate  foundation,  as  my  plan,  hereinafter  submitted,  fully  provides 
for  or  wholly  avoids  them. 

1.  It  may,  at  first,  lead  to  considerable  increase  in  mileage  of  empty 
cars,  but  that  is  not  likely  to  be  its  working  after  it  is  fully  understood, 
and  it  does  not  follow  necessarily  that  because  a  car  is  returned  empty 
by  the  terminal  road,  that  the  next  road,  having  a  long  haul,  will  haul  it 
over  its  line  empty.  Nor  will  the  terminal  road  return  cars  empty  when 
there  is  an  active  demand  for  cars  on  its  line.  Increased  movement  may 
be  desirable  when  cars  do  not  carry  loads,  if  thereby  the  cars  are  enabled 
to  carry  more  loads. 

2.  Under  the  plan  which  I  shall  hereinafter  present  in  detail,  it  will 
not  be  necessary  to  "follow  the  car  over  the  different  roads,  so  as  to 
afford  any  check  to  its  owner."  The  owning  company  gets  paid,  at  the 
per  diem  rate,  for  all  the  days  that  each  car  is  absent,  and  it  knows  just 
how  long  that  is. 

The  check  which  Mr.  Chanute  says  the  owning  road  now  has  upon 
the  mileage  of  its  cars,  i.  e.,  by  its  billing,  is  in  practice  no  check  what- 
ever, as  the  roads  do  not  report  the  mileage  of  each  car  individually,  but 
simply  the  aggregate  mileage  made  by  all  cars  of  each  company's  owner- 
ship for  the  month. 

3.  The  anticipated  increase  in  expense  to  which  Mr,  Chanute  refers 
will  not  be  realized ;  the  clerical  labor  will  not  be  materially  greater  than 
that  now  required,  and  a  "  clearing  house  "  will  not  be  necessary. 

4.  Opposition  is  to  be  expected,  particularly  "  from  those  roads  which 
profit  by  the,  imperfections  of  the  present  system,"  as  Mr.  Chanute 
expresses  it;  such  opposition  will  be  futile  if  the  leading  railway  com- 
panies see  their  account  in  its  adoption. 

5.  There  may  be  some  "  temporary  confusion  "  in  consequence  of  the 
adoption  of  the  change  proposed,  but  it  need  not  be  serious  nor  of  long 
duration. 
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The  questions  arising  out  of  the  receiving  road  being  temporarily 
blockaded  should  be  provided  for  by  a  general  rule;  the  making  of 
pretences,  such  as  "bad  order,"  upon  which  to  refuse  cars,  will  be, 
like  other  flimsy  pretences,  short-lived  and  of  no  importance  in  the  long 
run. 

When  a  car  is  destroyed  on  a  foreign  road  the  only  equitable  way  is 
for  the  company  destroying  it  to  pay  its  equitable  value  and  the  per  diem 
charge  for  a  specific  time  sufficient  for  it  to  be  rebuilt  by  the  owning 
company.  A  company  does  not  want  its  cars  to  be  rebuilt  by  a  foreign 
company. 

Companies  having  a  haul  so  short  that  they  can  take  cars  to  destina- 
tion, unload  and  return  them  in  less  than  a  day  will  be  an  exception, 
and  when  such  a  case  exists,  with  a  traffic  of  any  magnitude,  the  charge 
for  cars  can  and  should  be  provided  for  by  a  special  agreement. 

6.  In  the  discussion  of  the  rate  per  diem  to  be  charged  under  my 
plan,  Mr.  Chanute  arrives  at  the  conclusion  that  "A  per  diem  charge  of 
*'  25  or  30  cents  a  day  would  be  a  fair  one  all  around  in  the  general 
*'  exchange  of  business,"  and  adopts  as  his  basis  the  average  cost  of 
maintenance  (covering  current  repairs,  renewals  to  cover  depreciation, 
and  rebuilding  of  cars  to  keep  the  number  good),  plus  the  interest  on  the 
cost  of  the  cars,  and  figures  these  items  to  amount  per  annum  to: 

On  New  York,  Lake  Erie  and  Western  Kail  way ^79  42 

On  Pennsylvania  Railway 102  01 

Or  per  day..   ^^'^^^  =  22cts.,      and    ^^^^^  =  28  cents. 

My  proposition  was  to  charge  only  for  business  days,  say  310  per 

79  42 
annum,  which  would  make  the  per  diem  rate  on  his  basis    o-j..     -—   25.6 

.  102.01        Qo  n     ^ 

cts.  01Q     =  32.9  cts. 

I  must  enter  my  objections  to  this  result  as  follows: 

a. — To  the  figures  for  cost  of  maintenance. 

That  given  for  the  New  York,  Lake  Erie  and  Western  Railway  of  $40.92 
per  annum  would  require  a  freight  car  costing  .^550  to  last  equivalent  to 
13.44  years  without  any  charge  for  current  repairs,  as  it  would  require 
13.44  times  ^40.92  to  pay  for  its  simple  renewal. 

While  I  do  not  question  the  accuracy  of  Mr.  Chanute's  statement  that 
$40.92  was  the  average  expense  incurred  by  the  New  York,  Lake  Erie  and 
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Western  Railway  for  repairs  of  freight  cars  during  the  last  five  years,  it 
must  have  been  based  upon  a  number  of  cars  many  of  which  have  been 
built  new  within  the  last  five  years,  and  proportionately  few  of  which 
were  five  years  old  at  the  beginning  of  that  term. 

It  is  well  known  that  during  the  first  two  or  three  years  the  repairs 
to  a  car  are  nearly  nil,  but  that  after  five  years'  use  they  increase  very 
rapidly. 

From  the  data  at  my  command  I  would  estimate  the  cost  of  mainte- 
nance as  at  least  $75  per  car  per  annum,  which,  with  7  per  cent,  interest, 
$38.50,  would  make  ^113.50  per  annum,  and  36.61  cents  per  day  as  the 
rate  that  would  be  chargeable  upon  Mr.  Chanute's  basis. 

h. — But  I  cannot  concede  the  basis  as  at  all  correct,  nor  that  it  is  fair 
and  equitable  in  any  sense.  It  obtains  in  no  other  business  of  which  I 
have  any  knowledge. 

Its  adoption  by  a  manufacturer  would  oblige  him  to  assume  all  the 
risks  of  the  business,  without  charge  to  his  customer. 

A  railway  company  adopting  it  would  be  obliged  to  loan  its  cars  in 
the  busy  season,  when  they  were  all  needed  on  its  own  line,  at  a  bare 
*'cost  of  maintenance  and  interest"  basis,  and  when  the  dull  season 
came  to  keep  its  surplus  cars  at  home  at  its  own  cost.  If  the  active 
season  was  for  six  months  in  the  year,  it  would  receive  for  its  average 
"outage  "  of  cars  during  that  season  one-half  their  "cost  of  maintenance 
and  interest "  and  pay  the  other  half  itself,  for  the  poor  privilege  of 
having  its  cars  ready  to  loan  to  its  improvident  neighbors  during  the 
next  busy  season . 

Such  a  course  would  be  a  dij'ect  encouragement  to  the  improvident 
roads  to  remain  so,  for  why  build  or  buy  cars  to  pay  "cost  of  mainte- 
nance and  interest"  on  all  the  year,  when  they  can  borrow  them  when 
they  are  needed,  and  pay  "  cost  of  maintenance  and  interest "  only  while 
they  choose  to  keep  them  ? 

The  primary  object  in  adopting  the  per  diem  plan  is  two-fold: 

First. — To  make  it  the  interest  of  every  company  to  own  equipment 
sufiicient  for  its  needs;  and 

Second.  —  To  make  it  the  interest  of  every  company  to  handle  its  cars 
rapidly  and  to  return  foreign  cars  promptly. 

I  recognize  the  propriety  of  Mr.  Chanute's  demand  for  a  detailed  and 
specific  plan  for  charging,  accounting  and  collecting  the  "  per  diem  " 
charge,  and  will  set  it  forth  in  this  paper. 
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It  might  be  inferred  from  the  foregoing  that  it  was  the  movement  of 
cars  only  that  was  sought  to  be  expedited,  but  my  proposed  reform 
applies  more  forcibly  to  loaded  than  to  empty  cars . 

In  the  letter  of  Mr.  E.  P.  Vining,  Freight  Traffic  Manager  Union 
Pacific  Railway  Company,  published  in  April  Transactions,  attention  is 
called  to  the  unnecessarily  slow  and  altogether  uncertain  movement  of 
freight,  and  particularly  where  he  says:  "It  is  curious  to  observe  that 
"  just  at  the  times  when  the  demand  for  transportation  is  most  active  the 
*' movement  of  freight  becomes  the  slowest."  This  cannot  be  accounted 
for  upon  Mr.  Chanute's  hypothesis  that  the  decreased  speed  is  due  to  cars 
being  delayed  for  loading  or  to  accommodate  the  shippers .  On  the  con- 
trary, it  is  a  source  of  great  inconvenience  and  of  material  cost  to  ship- 
pers and  consignees  that  freight  is  so  long  in  transit .  On  articles  worth 
^100  per  ton  the  interest  charge  at  6  ^  is  one-tenth  of  a  cent  per  100 
pounds  for  each  secular  day.  The  loss  in  interest  from  time  lost  iu 
transit  amounts  to  an  enormous  sum  annually . 

I  would  call  attention,  while  upon  this  subject,  to  Mr.  Viniug's  letter 
of  January  29th,  1883  (Appendix  D),  in  which  he  says:  "If  some  officer 
* '  were  appointed  whose  duty  it  was  to  keep  an  accurate  statement  as  to 
"  the  length  of  time  that  such  shipment  was  in  transit,  and  if  this  state- 
"  ment  were  properly  brought  to  the  attention  of  the  managing  officers 
"  of  the  roads,  I  believe  that  many  delays  that  now  occur  simply  through 
"  the  inefficiency  and  carelessness  of  the  lower  grades  of  employees,  who 
"  now  work,  practically,  without  supervision  from  any  higher  officer, 
*'  would  be  remedied."  I  agree  with  Mr.  Vining  that  much  of  the  work, 
under  the  general  head  of  "Despatching"  of  cars,  is  done  by  subor- 
dinates, without  any  adequate  supervision. 

I  cut  from  the  daily  newspaper  a  few  days  since  the  following  Asso- 
ciated Press  telegram: 

"San  Francisco,  Cal.,  May  21st. — Freights  from  New  York  May  5th 
via  New  Orleans  were  ready  for  delivery  here  at  noon  to-day.  The 
Southern  Pacific  has  promised  to  keep  the  time  up.  A  freight  train 
consisting  of  24  cars,  from  New  York,  arrived  to-day  over  the  Central 
Pacific  road,  the  cars  having  been  all  the  way  from  25  to  40  days  on  the 
journey." 

The  all-rail  distance  from  New  York  to  San  Francisco  is  approxi- 
mately 3  400  miles,  and  the  time  named  as  25  to  40  days  indicates  the 
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speed  as  from  85  to  136  miles  per  day,  or  an  average  of  3.54  to  5.5  miles 
per  hour. 

The  distance  via  New  Orleans  is: 

From  New  York  to  New  Orleans  by  water 2  045  miles . 

"     New  Orleans  to  San  Francisco  by  rail 2  495       *' 

Total 4  540      " 

a,nd  the  time  16  days,  allowing  only  12  hours  for  transfer  from  boat  to 
cars  at  New  Orleans,  averages  293  miles  per  day,  or  12.2  miles  per  hour. 

Thus  is  the  old  fable  of  the  hare  and  tortoise  practically  exemplified. 

One  of  the  best,  although  indirect,  results  of  the  per  diem  system 
herein  advocated  would  be  that  thereby  a  habit  of  prompt  forwarding  of 
cars  would  be  cultivated,  and  as  man  is  a  creature  of  habit,  the  benefit 
would  extend  to  all  the  cars  handled  by  the  companies  adopting  it . 

The  systematic  making-up  of  trains  with  regard  to  the  destinations 
of  the  cars;  their  prompt  despatching  when  made  up;  having  schedules 
so  arranged  that  trains  can  ordinarily  be  kept  "  on  time;"  making  prompt 
and  regular  connections  at  the  division  termini;  making  prompt  delivery 
to  connecting  railways — these  are  all  requisite  to  the  making  of  a  fair 
and  regular  rate  of  speed,  and  they  are  all  practical  and  practicable.  A 
great  cause  of  delay  upon  many  railways  is  the  making  of  schedules  that 
trains  cannot  usually  and  habitually  conform  to.  It  is  far  better  to  have 
a  slow  schedule,  and  make  it,  than  to  have  a  fast  one  and  generally  fail  to 
make  it. 

A  subardinate  official  of  a  prominent  line  of  railway  recently  said  to 
me  in  substance  as  follows: 

There  is  a  great  lack  of  co-ordination  between  the  various  officials 
having  the  transportation  interests  in  charge. 

The  officer  controlling  the  distribution  of  cars  realizes  his  inability 
to  supply  the  demand,  and  he  urges  that  more  cars  be  built. 

The  division  superintendent  protests  against  more  cars,  saying  that 
he  cannot  haul  the  cars  he  has;  his  need  is  more  locomotives. 

The  general  superintendent,  finding  trains  delayed  by  other  trains,  is 
anxious  to  secure  mo7^e  main  tracks. 

The  general  or  terminal  agent  objects  to  more  locomotives^  cars  or  main 
tracks  until  his  yard  and  station  tracks  and  warehouses  are  brought  up 
to  the  capacity  of  promptly  handling  the  traffic  that  reaches  him;  while 
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the  general  manager,  who  should  sift  and  determine  what  is  most 
needed  to  harmonize  these  conflicting  views,  is  apt  to  be  mainly  con- 
cerned in  securing  more  traffic,  or  increasing  his  "  share  in  the  pool," 
and  the  subordinate  officers  are  left  to  "  fight  it  out." 

It  requires  careful,  systematic  and  continual  study  of  all  the  elements 
of  the  problem  to  properly  diagnose  the  disease,  and  the  proper  remedy 
can  only  follow  a  correct  diagnosis. 

The  question  was  asked  by  Mr.  T.  C.  Clarke,  M.  Am.  Soc.  C.  E., 
*' What  is  the  basis  of  compensation  for  use  of  foreign  cars  in  Great 
^'Britain?" 

By  the  courtesy  of  Mr.  James  Dredge,  Editor  of  Engineering,  and  of 
Mr.  P.  W.  Dawson,  Secretary  of  the  Railway  Clearing  House  of  Great 
Britain,  I  am  enabled  to  present,  as  Appendix  C,  a  full  statement  of  their 
regulations  and  rates  for  car  service . 

It  will  be  seen  that  they  charge  a  mileage  rate,  varying  as  to  distance 
and  as  to  kind  of  cars,  with  an  allowance  of  time  for  each  distance,  after 
which  a  demurrage  charge  is  made  for  the  excess  of  time  on  a  per  diem 
basis . 

The  mileage  rates  in  U.  S.  currency  are  as  follows  (at  $4.84  to  the  £) : 


The    ''sheets"  referred  i:>  are  the  canvas  covers  or  "tarpaulins" 
with  which  the  goods  loaded  in  open  "  wagons"  are  covered,  and  what 
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strikes  an  American  as  most  singular,  next  to  tlie  use  of  open  wagons 
and  sheets,  is  the  fact  that  the  charge  for  a  sheet  is  just  one  half  that  for 
a  car  of  less  length  than  11  ft.  6  in. 

The   mileage   rates    for    ordinary  cars,    as    above    stated,    apply   to 
cars  of  which  the  minimum  loading  is  four  (4)  tons,  while  for  extra  sized 
cars  the  following  rates  are  charged : 
For  wagons  constructed  to  carry 

15  tons  and  under  20  tons 2.017  cents. 

20     "      "         "      30     '•    4.033      " 

30     "    and  above 8.067      " 

The  time  allowed,  under  the  mileage  charge,  is  as  follows,  viz. : 
Foi  119  miles  or  less,  one  day,  beside  the  day  consumed  in  loading  or 
unloading. 

For  120  miles  to  249  miles,  two  days,  &c. 
For  250  miles  and  upwards,  three  days,  <tc. 
The  charges  for  excess  time  are  per  day  : 

Goods  wagons — ordinary  open  and  box 72 . 6  cents . 

Cattle       "  72.6     " 

Sheep  vans 72.6     " 

Wagons  carrying  15  tons  and  under  20 $1 .  443 

"  <'         20     "  "  30 2.886 

"  "  30     ♦'     and  over 4.84 

At  these  rates,  an  ordinary  wagon  would  pay,  for  the  trip  from  Buf- 
falo to  New  York  and  return,  via  N.Y.C.&H.R.R.,  say  442  miles 
each  way,  if  twelve  days  were  consumed  in  the  round  trip ; 

Of  Cars.  Of  Sheet. 

Mileage 884X0.453  =    4.004     )<  .151c.  =$1334 

Demurrage 4  days  X  72*^  =   2.904     X24.2c.=      968 


Total  for  wagon 6.908  Sheet. . .  .2.302 

Add  for  Sheet 2.302 


Total $9,310 

And  this  for  a  car  carrying  but  5^  tons. 

Double  this  for  11  tons,  we  have ^18 .  62 

While  the  existing  charge  in  U.  S.  would  be  884  miles  at 

0.75  cts 6.63 


Difference 11 .99 
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Referring  to  the  system  by  which  these  accounts  are  kept,  Mr. 
Dawson  writes  as  follows: 

'*  The  number  of  miles  run  by  railway  companies'  wagons  on  the  lines 
of  the  other  railway  companies  is  ascertained  by  the  Clearing  House, 
which  has  a  staff  of  number  takers  at  each  point  of  junction  where  such 
stock  is  exchanged  from  one  company  to  another. 

Returns  made  by  this  staff,  together  with  returns  which  the  companies 
render  from  their  own  stations,  form  the  basis  of  the  Clearing  House  ac- 
counts. 

The  number  of  miles  so  run  by  wagons  and  ascertained  by  Clearing 
House  for  the  past  twelve  months  was  256  000  000;  while  for  sheets  cov- 
ering wagons  in  use  206  000  000  of  miles  were  similarly  charged  for. 

If  a  wagon  be  not  returned  to  the  owning  company  line  within  the 
time  prescribed  by  regulation,  demurrage  becomes  chargeable  at  a  fixed 
rate  per  day.  Demurrage  so  incurred  is  ascertained  by  the  Clearing 
House  (as  in  the  case  of  mileage),  a  separate  account  of  each  wagon's 
running,  out  and  home,  being  kept. 

The  number  of  days  so  charged  for  during  the  past  twelve  months 
was  366  000  in  respect  of  wagons,  and  135  000  in  respect  of  sheets. 

Exceptions  to  the  foregoing  general  principles  are  made  when  neces- 
sary, and  these  are  provided  for  by  special  regulations,  agreed  to  from 
time  to  time. 

The  Clearing  House  renders  to  the  companies  quarterly  accounts  of 
the  mileage  of  stock,  and  monthly  accounts  of  the  days  charged  for  de- 
murrage. " 

It  will  be  noticed  that  Mr.  Dawson  states  that  the  whole  mileage  run 
by  railway  companies'  wagons  on  the  lines  of  other  railway  companies, 
in  1882,  was  256  000  000,  which  compares  with  the  miles  run  by  all  cars 
on  the  Pennsylvania  Railroad  as  follows  : 

In  1881 325  180  607 

*'  1882 336  871  380 

This  affords  some  idea  of  the  scale  upon  which  a  Clearing  House 
for  all  the  car  mileage  of  all  the  railways  of  this  country  would  have  to 
be  organized  and  conducted,  with  its  ' '  staff  of  number  takers  at  each 
point  of  junction,"  and  its  returns  rendered  by  the  companies  from  their 
own  stations.  It  will  also  be  noticed  that  the  number  of  days  for  which 
demurrage  was  charged  during  1882  was  366  000,  and  this  in  respect  to 
cars  which  ran  256  000  000  miles  on  foreign  roads,  so  that  if  the  cars  had 
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made  the  high  average  of  150  miles  per  trip,  on  each  line,  there  would 
have  been  some  1  700  000  mileage  charges,  and  an  average  detention  or 
overtime  of  only  0.215  of  a  day  each,  or  only  one  day's  demurrage  for 
each  700  miles  run  on  foreign  roads. 

This  clearly  indicates  the  benefit  derived  from  the  demurrage  or  per 
diem  system- 
Through  the  courtesy  of  Mr.  F.  Kinecker,  M.  Am.  Soc.  C.E.,  resid- 
ing at  Wuerzburg,  Germany,  I  am  enabled  to  present  (Appendix  C)  the 
rates  charged  for  car  service  on  the  German  railways,  the  standard  car 
capacity  being  about  11  tons.  The  general  rate  throughout  Germany  is 
$0,238  per  day  +  00.38  cents  per  mile  run,  with  a  penalty  or  demurrage 
for  all  over  the  allotted  time  of  $0,475  per  day  additional.  The  allotted 
time  being 

2  days  for  unloading  and  loading  time . 

1  day  for  running 46.605  miles  or  less. 

2  days  for        "    46.606  to. ...  139.815       " 

1  day  for         ''     each 139.815       **      additional. 

Applying  these  rates  to  the  case  already  cited  of  a  car  running  from 
Buifalo  to  New  York  and  return,  and  occupying  12  days,  the  charge  on 
the  German  basis  would  be : 

884  miles,  at  0.38  cents  per  mile $3,359 

12  days,     "     .238     "       ''    day 2.856 

9      '*      allotted  time 

3      "      excess,  at  $0,475  per  day 1.425 

Total  charge $7,640 

Charge  on  American  basis 6.63 

Excess  of  German  basis $1.01 

The  average  charge  per  day  in  the  above  cited  case  on  the  German 
basis  (including  mileage)  is  63 . 7  cents,  and  the  actual  charge  per  day  for 
excess  time  is  23 . 8  +  47 . 5  =  71 . 3  cents . 

On  the  German  and  Swiss  border  roads  the  rate  for  excess  time  is  72 
cents  per  day . 

I  desire  to  call  special  attention  to  the  letters  of  Mr.  E.  P.  Vining,  before 
referred  to  (see  Schedule  D),  and  particularly  to  his  letter  of  March  28th, 
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1883,  and  the  schedule  attached  thereto,  in  which,  in  response  to  my 
request,  Mr.  Vining  gives  the  concrete  results  of  two  years'  trial  of  the 
per  diem  basis,  and  shows  that  its  efifects  were  salutary  and  its  operation 
was  in  all  respects  satisfactory . 

He  shows  that  during  five  months  in  which  the  per  diem  system  was 
in  effect  the  Chicago,  Burlington  and  Quincy  Railroad  cars  run  on  Union 
Pacific  Railroad  an  average  of  93 . 3  miles  per  day,  while  for  12  months 
following  the  expiration  of  that  arrangement,  when  the  cars  were  paid 
for  on  the  mileage  basis,  they  averaged  but  61 . 1  miles  per  day,  a  decrease 
of  32 . 2  miles  per  day,  or  34. 5  per  cent . 

Mr.  Vining  further  makes  this  apparently  paradoxical  statement; 

"  During  the  year  ending  February  28th,  1879,  we  paid  the  Chicago, 
Burlington  and  Quincy  $Q  453.78,  and  used  their  cars  for  14  093  days, 
,,  this  being  an  average  of  a  little  less  than  46  cents  per  day .  We,  how- 
ever, ran  these  cars  only  861  508  miles .  If  we  had  run  them  an  average 
of  93 . 3  miles  per  day,  as  was  done  during  the  time  that  the  per  diem 
basis  was  in  effect,  we  should  have  retained  them  only  9  234  instead  of 
14  093,  and  for  this  use  we  would  have  paid  $4  617  instead  of  the 
$6  453 .  78  which  we  actually  paid .  It  therefore  appears  that  both  our  line 
and  the  Chicago,  Burlington  and  Quincy  lost  money  by  the  change  of  basis. 
They,  instead  of  receiving  50  cents  per  day,  received  only  46  cents,  and 
we,  instead  of  the  $4  617  for  861  508  miles  run,  paid  $6  453.78  for  the 
service." 

Thus  we  see  that  the  adoption  of  a  fair,  equitable  and  business-like 
basis  works  beneficially  to  both  parties  and  harmful  to  none . 

In  a  letter  from  Mr .  John  Reilly,  Superintendent  of  Transportation 
of  Pennsylvania  Railroad,  I  am  advised  that  "for  the  first  nine  months 
of  1882  the  Pennsylvania  Railroad  cars  assigned  to  the  Pennsylvania  Rail- 
road and  United  Railroads  of  New  Jersey  divisions,  and  the  mileage  these 
cars  made  on  over  other  lines  and  foreign  roads,  I  find  that  the  average 
daily  mileage,  including  Sundays,  was  36.45  miles,"  equal  to  42. 52  miles 
per  secular  day. 

*' About  30  j)er  cent,  of  the  equipment  was  either  on  foreign 
roads  or  the  lines  west  of  Pittsburgh  during  this  time.  I  made  an  esti- 
mate a  short  time  since  of  the  average  mileage  of  some  of  our  cars  on 
the  roads  in  New  England,  where  the  movement  has  been  very  bad,  and 
found  that  for  one  month  it  was  about  20.46  miles  per  day.  (This  would 
pay  the  Pennsylvania  Railroad  Company  15.5  cents  per  car  per  day.) 
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This  business,  of  course,  is  largely  through  cars,  and  should  have  made 
better  time,  but  it  shows  to  some  extent  that  foreign  roads  do  not  handle 
the  cars  of  other  roads  very  promptly.  ^^ 

Having  thus  shown — 

That  the  present  mileage  basis  is  unjust  to  the  companies  furnishing 
the  cars;  that  it  is  costly  and  discouraging  to  the  prompt  shippers;  that 
it  leads  to  slow  movement  of  loaded  cars  and  to  non-movement  of  empty 
cars;  and  that  it  is  not  practiced  in  other  countries,  nor  does  any  like 
practice  obtain  in  any  other  business  in  this  country,  I  think  I  have 
shown  conclusively  that  a  change  is  not  only  desirable,  but  absolutely 
necessary. 

Having  also  shown — 

That  the  per  diem  basis  is  entirely  practicable,  as  witness  the  two 
years'  trial  on  the  Union  Pacific  and  Chicago,  Burlington  and  Quincy  ^ 
Eailroads  ;  that  it  is  in  use  in  a  modified  form  in  the  two  leading  Euro- 
pean countries  (for  their  system  is  mainly  on  a  per  diem  basis) ;  and  that 
where  used  it  has  the  effect  claimed  for  it,  to  expedite  the  movement  of 
cars  and  freight,  I  think  I  have  established  its  claim  for  adoption,  and 
will  proceed  to  set  forth  my  plan,  which  is  as  follows : 

1st. — Reports  and  Settlements. 

1.  The  greatest  difficulty,  indeed  the  only  one  met  with  in  this 
branch  of  the  subject,  is  the  starting  of  the  system,  or  changing  to  it 
from  the  mileage  basis. 

To  do  this  I  propose  that  the  change  take  effect  upon  the  first  Mon- 
day morning  of  a  month  at  6  o'clock;  that  on  the  Sunday  preceding, 
each  road  take  an  inventory  of  all  the  cars  on  all  its  lines,  including  cars 
put  by  its  engines  on  private  sidings,  warehouse  tracks,  etc.,  and  subse- 
quently make  up  a  report  to  each  company  whose  cars  they  have,  show- 
ing in  detail  the  initials,  numbers  and  capacity  in  tons  of  such  cars. 
(See  Appendix  F,  Form  1.)  That  such  company  make  such  report  to 
each  company  whose  cars  they  have,  and  indicate  thereon  through  what 
intermediate  lines  such  cars  will  be  reported  to  the  owning  company 
(Form  2).  That  a  copy  of  the  report  (Form  3)  be  sent  to  each  interme- 
diate company  through  whose  hands  it  should  pass,  and  when  such 
reports  are  all  in,  which  they  should  be  by  the  15th  or  20th  of  the 
month,  each  company  should  send  to  its  immediately  connecting  lines  a 
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statement  of  the  cars  with  which  each  connecting  line  is  charged,  being 
such  as  are  on  its  own  line,  together  with  such  as  are  on  the  lines  be- 
yond, and  reported  through  it  to  the  owning  company. 

An  example  will  make  this  clear.  Take  the  cars  of  the  Pennsylvania 
Railroad  Company,  and  suppose  that  the  Central  Pacific  Railroad  Com- 
pany reports  (Form  1)  that  it  has  (giving  initials,  numbers  and  capacity 
in  detail)  6  cars,  aggregate  capacity  110  tons,  and  on  Form  2  makes  the 
following : 

There  are  on  our  line  (Central  Pacific)  6  Pennsylvania  Railroad  cars, 
aggregate  capacity  110  tons,  which  we  will  report  through  the  Union 
Pacific,  Chicago,  Burlington  and  Quincy,  and  Pennsylvania  Company. 
Then  the  Central  Pacific  sends  a  similar  report  (Form  3)  to  the  Union 
Pacific,  Chicago,  Burlington  and  Quincy,  and  Pennsylvania  Company. 

Then  suppose  the  Union  Pacific  reports  to  Pennsylvania  Railroad 
Company  (Forms  1  and  2)  24  Penna.  Railroad  cars,  aggregate  capacity 
385  tons,  which  we  will  report  through  the  Chicago,  Burlington  and 
Quincy  and  Pennsylvania  Company,  sending  a  similar  report  (Form  3) 
to  the  Chicago,  Burlington  and  Quincy,  and  Pennsylvania  Company. 

The  Chicago,  Burlington  and  Quincy  reports  to  the  Pennsylvania 
Railroad  Company  (Forms  1  and  2)  33  Pennsylvania  Railroad  cars, 
aggregate  capacity  580  tons,  which  we  will  report  through  the  Pennsyl- 
vania Company. 

The  Pennsylvania  Company  reports  to  the  Pennsylvania  Railroad 
Company  (Forms  1  and  2)  665  Pennsylvania  Railroad  cars,  aggregate 
capacity  9  540  tons,  which  we  will  report  direct. 

The  Pennsylvania  Railroad  Company  then  makes  up  its  account 
against  the  Pennsylvania  Company  thus  (Form  4): 

"For  cars  of  this  company  on  your  lines,  and  reported  through  you 
by  your  connecting  lines,  as  follows : 

Repoeted  by.  No.  of  Cars.       Capacity. 

Pennsylvania  Company 665  9  540 

Chicago,  Burlington  and  Quincy 33  580 

Union  Pacific 24  385 

Central  Pacific 6  110 


Total 728  10  615 
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The  Pennsylvania  Company,  in  its  statement  to  the  Chicago,  Burling- 
ton and  Quincy,  includes  the  last  three  charges;  the  Chicago,  Burlington 
and  Quincy  includes  the  last  two  in  its  charge  to  the  Union  Pacific,  which 
in  its  turn  includes  the  last  item  in  its  charge  to  the  Central  Pacific. 
Thus  it  makes  no  difference  in  the  end  through  what  intermediate  lines 
any  company  reports  cars  to  the  owning  company,  as  the  intermediate 
companies  pay  such  charges  at  one  end  of  their  line  and  charge  it  to 
their  connecting  line  at  the  other  end,  just  as  advance  charges  on  freight 
are  paid  at  one  point  of  connection  and  collected  at  another.  It  will  be 
preferable,  however,  that  foreign  cars  be  reported,  so  far  as  can  conve- 
niently be  done,  to  the  line  and  by  the  route  over  which  they  will  be  sent 
home,  or  to  that  by  which  they  are  most  likely  to  be  returned  to  their 
owners. 

"When  all  these  reports  have  been  exchanged,  and  all  the  accounts 
have  been  rendered  based  upon  them,  each  company  will  have  charged 
to  its  immediate  connecting  lines  all  the  cars  owned  by  it,  or  which  are 
to  be  reported  to  it  which  were  off  its  own  lines  on  the  Sunday  upon 
which  the  inventory  was  taken  as  provided,  and  the  number  and  ca- 
pacity of  the  cars  appearing  chargeable  to  each  connecting  line  becomes 
the  initial  entry  of  the  debit  account  to  which  will  be  added  the  cars  de- 
livered on  the  first  day,  and  the  sum  forms  the  basis  of  one  day's  charge 
or  debit,  to  wit:  for  the  Monday  next  ensuing  at  the  rate  agreed  upon  per 
car  or  per  ton  of  capacity,  against  which  will  appear  the  credit  to  which 
said  connecting  line  is  entitled  for  its  cars  absent  on  the  first  named  com- 
pany's lines  and  reported  to  it  by  its  connections,  and  the  cars  received 
on  the  first  day,  the  balance  between  the  two  aggregates  being  the  ton- 
nage to  be  accounted  for  during  the  first  day.     See  example  on  Form  6. 

These  debits  and  credits  thus  become  the  starting  entries  of  a  state- 
ment for  the  monthly  settlement,  like  the  "balance  brought  forward  " 
on  a  current  account. 

The  tonnage  capacity  of  the  cars  is  entered,  because,  as  will  herein- 
after appear,  I  suggest  a  rate  per  diem  on  the  tonnage  capacity. 

2.  Having  thus  started  the  account,  the  keeping  of  the  daily  record 
becomes  very  simple,  and  is  kept  in  a  form  by  means  of  which  each  com- 
pany knows  that  it  is  getting  paid  for  all  the  time  that  its  cars  are  ab- 
sent, and  this  regardless  of  whether  or  not  it  keeps  any  record  of  the 
movements  of  its  cars  individually. 
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Each  company,  at  its  junctions  with  other  lines,  keeps  a  daily  record 
of  the  initials,  number  and  capacity  of  the  cars  delivered  by  it  to  each 
connecting  line,  and  received  by  it  from  each  connecting  line.  This 
statement  is  made  up  daily  (Form  5),  is  signed  by  both  agents  at  the 
junction  station,  in  quadruplicate,  one  copy  being  kept  by  each  agent 
and  one  copy  being  sent  to  the  car  accountant  or  auditor  of  each  company. 
The  footings  of  the  two  sides  of  this  account  for  the  day  form  the 
daily  entry  in  the  monthly  account,  in  which  no  distinction  is  made  be- 
tween the  cars  owned  by  the  company  and  those  owned  by  other  com- 
panies and  delivered  or  received  by  it. 

This  will  be  understood  to  be  true  when  we  consider  that  in  this 
mode  of  keeping  an  account,  when  company  A  delivers  to  company  B  a 
car,  capacity  20  tons,  A  becomes  entitled  to  a  credit  for  a  20-ton  car,  in 
its  account  with  J5,  irrespective  of  whether  the  car  be  one  of  -4,  or  a  car 
belonging  and  returned  to  B,  or  whether  it  be  the  car  of  (7,  D  ox  E 
going  to  or  from  its  domicile  over  the  line  B. 

Neither  will  it  affect  the  result  whether  any  car  be  returned  to  its 
owner  over  the  route  by  which  it  was  forwarded,  or  by  another  route, 
and  reaching  its  owner's  line  at  another  point. 

3.  Having  reached  the  end  of  the  month,  and  the  daily  accounts  or 
reports  on  Form  5  having  been  duly  made  and  forwarded  to  the  proper 
accounting  officer,  a  monthly  "  car  service  account "  is  then  to  be  stated 
between  each  company  and  its  direct  connecting  lines  on  a  blank  (Form 
6),  the  data  for  which  will  be  in  the  possession  of  both  companies 
through  the  reports  on  Form  5,  received  from  their  respective  agents  at 
the  junction  stations. 

The  following  example  of  an  account  stated  between  the  Pennsylva- 
nia Railroad  Company  and  the  Pennsylvania  Company  for  the  first 
month's  car  service  will  fully  illustrate  this. 
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[FOEM  6.] 

The  Pennsylvania  Railkoad  Co.,  in  Cak  Service  Account  with  the 

Pennsylvania  Co. 

For  Car  Service  as  per  daily  reports  of  cars  received  and  delivered  at 
Pittsburgh  during  June,  1882. 


Balances 
Forward  . 

Cars. 

Totals. 

Balances 
FOR  Day. 

Amounts. 

Rate 
per 

Reo'd 

Del'd 

1883. 

Dr. 

Cr. 

Dr. 

Cr. 

Dr. 

Cr. 

Dr. 

Cr. 

Day. 

Dr. 

Cr. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Cts. 

$  Cts. 

$  Cts. 

June  i 

12  720 
2  105 

10  615 

"      4 

2  460 

2  945 

4  565 

2  945 

1620 

5 

81  00 

"      5 

1  620 

2  850 

2  830 

4  470 

2  830 

1640 

'« 

82  GO 

••      6 

1640 

2  510 

3  280 

4  150 

3  280 

870 

(< 

43  50 

"      7 

870 

2  115 

2  655 

2  985 

2  655 

330 

" 

16  50 

"      8 

330 

3  385 

3  915 

3  715 

3  915 

200 

" 

1  10  00 

"      9 

200 
Balanc's 

3  670 

3  260 

3  670 

3  460 

210 

<( 

10  50* 

i 

i 

223  50 

Total . . 

233  50  233  50 

The  first  entry  is  for  the  amounts  of  tonnage  shown  as  the  totals  of 
reports  on  Form  4.      They  will  not  reappear  in  this  form. 

The  starting  entry  for  the  next  month's  account  will  be  the  '*  Balance 
for  Day,"  to  Dr.  or  Cr.  on  the  last  day  of  the  previous  month. 

2d.— Rules   and   Regulations. 

1.  The  rate  agreed  upon  should  be  charged  upon  the  balance  for  the 
day,  made  up  as  shown  in  example  on  Form  6,  by  bringing  forward  the 
balance  from  the  previous  day,  and  adding  or  deducting,  as  the  case 
requires,  according  as  the  balance  was  Dr.  or  Cr.,  the  cars  delivered  and 
received  during  the  day. 
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2.  The  day  may  be  made  to  begin,  and  the  previous  day  to  end,  at  6 
A.  M.  In  this  case  all  cars  delivered  to  either  company  before  6  a.  m.  of 
the  next  day  are  to  be  charged  to  and  accounted  for  by  the  company  to 
which  they  are  delivered  for  the  day  of  delivery.  Or,  the  day  may  begin 
at  midnight,  and  all  cars  delivered  before  noon  be  counted  as  delivered 
that  day,  and  all  delivered  after  noon  be  counted  as  delivered  the  next 
day. 

In  either  case,  it  will  be  found  to  work  as  fairly  for  one  company  as 
the  other. 

3.  When  a  company  has  a  large  traffic,  upon  which  there  is  a  very 
short  haul,  it  might  result  unfairly  as  between  it  and  the  next  company, 
as  for  example : 

Suppose  road  A  delivers  cars  to  B,  which  B  transports  but  20,  30  or 
40  miles,  and  delivers  to  G ;  the  time  required  to  take  the  cars  from  u4, 
run  them  to  its  junction  with  and  deliver  to  (7,  may  be  but  four  to  six 
hours;  it  may  then  appear  unjust  that  B  should  pay  for  a  whole  day. 

Per  contra:  B  may  take  the  cars  from  A  and  deliver  them  to  C  in 
the  same  day,  in  which  case,  while  A  would  charge  them  to  B  for  that 
day,  B  would  charge  them  to  C  for  the  same  day,  and  B  would  pay  no 
car  service  whatever. 

These  cases  may  be  met  by  the  roads  interested  agreeing  to  settle  for 
each  quarter  of  a  day  at  one-quarter  the  daily  rate,  in  which  case  the 
monthly  account  (Form  6)  would  contain  four  entries  or  lines  for  each 
day,  and  a  balance  would  be  struck  for  each  quarter  of  a  day. 

4.  When  blockades  occur  from  natural  or  unavoidable  causes,  the 
blockaded  road  should  give  prompt  notice  to  all  connecting  lines,  and 
they  to  their  connections,  to  stop  shipping  freight  for  the  blockaded 
road  until  the  blockade  is  clear.  In  this,  a  case  of  misfortune,  each 
road  should  hold  the  cars  it  has  for  the  blockaded  road,  and  receive  no 
more  until  notified  that  the  blockade  is  clear. 

The  consequent  loss  should  lie  where  it  falls. 

5.  When  a  blockade  is  imminent  from  excess  of  cars  and  lack  of  other 
facilities,  the  road  threatened  with  blockade  should  give  notice  that 
after        days  it  will  decline  to  receive  cars  for  the  threatened  point. 

All  cars  that  may  reach  the  point  of  connection  within  the  days 
should  be  received  by  the  road  giving  notice,  or  accounted  for  in  car 
service  account  as  if  delivered  to  it,  whether  actually  delivered  or  not. 

The  threatened  road  may  give  immediate  notice  to  stop  loading  cars 
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for  its  threatened  point,  in  which  case  it  should  not  be  obliged  to  receive 
cars  loaded  after  the  day  of  notice  until  the  blockade  is  clear. 

Connecting  roads  should  not  be  required  to  receive  cars  for  the  line 
threatened  with  blockade  after  the  days  notice  is  given,  unless  it  has 
time  to  get  them  to  the  point  of  connection  before  expiration  of  the 
days.  The  threatened  or  blockaded  road  should  be  required  to  receive 
or  give  credit  for  its  own  empty  cars  when  tendered  at  its  connecting 
station.  The  number  of  days  notice  should  be  enough  to  allow 
freight  to  come  from  all  principal  points  of  shipment,  and  might  vary  as 
to  very  distant  points,  so  as  practically  to  admit  or  enable  all  cars  en 
route  to  reach  the  point  of  connection.  The  management  of  a  company 
is  in  fault  that  permits  a  blockade  from  other  than  natural  causes,  and 
should  pay  the  penalty  if  it  does  not  give  ample  notice. 

6.  When  a  foreign  car  is  destroyed,  immediate  notice  should  be  given 
to  its  owner,  and  the  company  destroying  it  should  pay  its  agreed  or 
assessed  value,  and  the  per  diem  rate  for  —  days,  after  which  time  it 
should  be  credited  through  the  connecting  lines  with  a  car  destroyed,  as 
if  it  had  been  returned,  the  notice  to  credit  being  issued  by  the  owning 
company. 

The  —  for  number  of  days  should  be  filled  with  such  number  as 
will  reasonably  enable  the  owning  company  to  build  or  procure  a  new 
car. 

7.  Under  this  system  there  will  be  no  "lost  cars."  If  a  company 
destroys  a  car  and  does  not  report  it,  that  company  will  pay  the  per 
diem  on  it  perpetually,  as  it  cannot  get  a  credit  except  by  delivering  a 
car,  or  in  the  manner  provided  for  a  car  destroyed. 

8.  New  cars  built  off  the  line  owning  them,  should  not  be  entered  in 
car  service  account  until  after  their  delivery  to  the  owning  companies. 

9.  It  has  been  objected,  that  when  a  company  has  foreign  cars,  which 
it  cannot  load  promptly,  but  for  which  loading  can  be  had  by  retaining 
them  for  a  limited  time,  that  under  the  "per  diem"  system,  they  will 
be  returned  empty,  when  perhaps  the  owning  company  does  not  need 
them.  This  case  can  be  provided  for  by  the  company  having  the 
cars,  asking  the  owning  company's  permission  to  retain  the  cars,  free  of 
car  service  for  a  definite  number  of  days,  until  further  notice,  or  until 
they  are  sent  to  be  loaded,  as  may  be  agreed  upon.  The  settlement  for 
this  should  be  by  an  account  rendered  to  the  owning  company,  showing 
the  numbers  of  cars,  the  dates  they  were  ready  to  be  returned  empty, 
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the  dates  they  were  ready  to  be  loaded,  or  that  fixed  for  their  return,  and 
the  owning  company  should  repay  the  per  diem  charge  (which  it  will 
have  received  through  the  regular  channel,  that  of  its  connecting  road), 
by  a  voucher  in  favor  of  the  company  so  holding  its  cars  by  its  consent. 

10.  Rules  can  and  should  be  provided,  from  time  to  time,  to  govern 
exceptional  cases,  and  to  relieve  any  company  from  any  unjust  charges 
to  which  it  may  be  subject  under  the  general  rules. 

3d. — As  TO  THE  Rate  to  be  Charged. 


In  my  former  paper  I  stated,  as  a  principle  that  should  govern  set- 
tlements for  use  of  foreign  cars,  that  companies  using  them  should  pay 
"  the  average  economic  value  of  the  cars  in  use  to  their  owners."  This 
value  I  estimated  for  an  average  car  of  15  tons  capacity,  with  an  average 
load  of  i^ij^o  its  capacity,  or  11.25  tons,  an  average  mileage  of  37^  miles 
per  day,  and  average  net  earnings  of  ro  cent  per  ton  per  mile,  to  be 
$1.25  per  day,  and  then  assumed  that  SI. 00  per  day  "  would  be  as  low  a 
"  rate  as  could  reasonably  be  fixed  as  a  charge  for  demurrage  and  for 
*'  the  use  of  cars  when  on  foreign  roads." 

I  still  consider  the  reasons  given  for  that  view  as  unanswerable  from 
an  equitable  point  of  view,  but  because  many  companies  will  object  to 
the  charge,  and  because  most  new  departures  have  to  be  arranged  by  a 
compromise  of  more  or  less  opposing  views,  I  suggest  the  following  as 
the  basis. 

1.  There  being  now  so  many  and  widely  differing  tonnage  capacities, 
four-wheel  cars  of  5  tons  and  8  tons,  eight-wheel  cars  of  10  tons,  15,  20, 
25,  30,  and  it  is  said  35  tons  capacity,  it  is  not  equitable  that  the  rate 
should  be  per  car  ;  and  consequently  the  standard  or  basis  should  be  the 
tonnage  capacity. 

I  suggest  as  the  rate  5  cents  per  ton  per  day,  reckoned  on  the  ca- 
pacity as  marked  on  the  cars,  and  the  charge  will  then  be. 
For  a  5  ton  car,   25  cents  per  day. 

'  8    •*     "      40     ♦' 

'10  "     "      50     ** 

'  15   "     "      75     " 

'  20  "     "  1.00     " 

'  25   "     "  1.25     *' 

*  30   ''     *'  1.50     " 
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This  plan  contemplates  no  charge  for  Sundays  and  national  holidays, 
which  will  be  considered  and  treated  as  a  part  of  the  previous  business 
day. 

2,  To  compensate  the  terminal  lines  for  the  time  necessarily  lost  in 
loading  and  unloading,  I  suggest  the  allowance  of  a  terminal  charge  at 
each  terminus  of  one  cent  per  100  lbs.,  or  20  cents  per  ton,  upon  each 
load  transported. 

This  would  cover  cost  of  loading  or  unloading,  switching,  &c. ,  at  say 
10  cents  per  ton,  and  allow  10  cents  per  ton,  or  the  equivalent  of  two 
days'  car  service  for  unloading  and  the  same  for  loading.  This  would  be 
the  same  allowance  as  is  made  in  England  and  Germany,  and  it  is  a 
reasonable  allowance.  Any  line  taking  more  time  should  pay  for  it.  A 
better  system  will  be  required  than  is  now  in  use  for  distributing  and 
collecting  cars  in  cities.  The  engines  doing  that  service  should  run  on 
schedule  time,  and  when  cars  are  left  on  a  siding  or  warehouse  track 
they  should  be  receipted  for  and  the  time  of  delivery  noted. 

3.  Shippers  and  consignees  loading  and  unloading  cars  themselves 
should  be  allowed  twenty-four  hours  after  the  cars  are  in  position  to  be 
loaded  or  unloaded,  and  if  the  cars  are  not  ready  when  the  engine  comes 
for  them,  not  less  than  twenty-four  hours  later,  demurrage  should  be 
charged,  say  at  one-quarter  cent  per  hour  per  ton  on  the  capacity  of  the 
car,  from  the  expiration  of  the  twenty-four  hours  until  the  engine  gets 
the  car  on  its  next  regular  trip  after  the  car  is  ready. 

Demurrage  charges  should  be  as  regularly  and  certainly  collected  as 
freight  charges,  and  the  rates  should  be  distinctly  set  forth  in  all  tariffs 
and  special  contracts. 

The  foregoing  furnishes  a  fair,  reasonable,  consistent  and  economical 
system  for  charging  and  collecting  a  per  diem  rate  for  car  service.  It 
may  require  some  modifications,  but  a  careful  examination  will  show  it 
to  be  free  from  most  of  the  objections  urged  against  such  a  system. 

It  is,  so  far  as  I  am  aware,  the  first  attempt  to  formulate  a  plan  for 
the  per  diem  charge,  the  adoption  of  which  in  this  country  in  whole  as 
herein  outlined,  or  in  part  as  used  in  England  and  Germany,  I  believe  to 
be  inevitable,  and  that  at  an  early  day. 

The  delivery  of  freight  in  the  large  cities  is  a  matter  deserving  atten- 
tion in  the  consideration  of  future  increased  efficiency. 

I  would  call  attention  to  the  report  furnished  by  Mr.   George  A. 
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Gutch  (attached  hereto  as  Appendix  E),  which  gives  the  manner,  cost, 
and  charges  made  for  the  *'  Collection  and  Delivery  of  Freight  in  London 
and  the  Provinces  by  English  Railway  Companies,"  which  will  be  found 
very  interesting. 

I  cannot  close  this  discussion  without  calling  special  attention  to  the 
necessity  of  preserving  a  due  and  relative  strength  in  the  track  and 
bridge  superstructure  to  the  load  which  they  are  to  carry. 

The  great  increase  in  weight  of  locomotives  and  freight  cars  must  be 
accompanied,  parri  passu,  with  a  corresponding  increase  in  weight  of 
rails  and  bridges  ;  ties  must  be  laid  closer  ;  joints  must  be  further  im- 
proved, or  increased  expense  in  maintenance,  and  probable  increase  in 
train  accidents,  must  follow.  The  increased  weight  of  loaded  cars  has 
already  developed  a  marked  increase  in  the  number  of  broken  wheels, 
and  it  is  evident  that  wheels  should  be  made  heavier  and  better,  and 
probably  of  larger  diameter.  The  subject  of  freight  car  springs  will 
need  attention,  which  it  has  not  heretofore  had. 

It  has  long  been  my  opinion,  that  a  passenger  car  truck,  so  far  as 
springs  are  concerned,  would  be  found  economical  for  freight  cars,  and 
particularly  when  the  weight  on  trucks  exceeds  50  000  pounds. 

That  excellent  instrument,  the  Dynagraph,  invented  by  Mr.  P.  H. 
Dudley,  now  on  exhibition  at  the  Chicago  Railway  Exposition,  shows  a 
marked  increase  in  the  low  joints  and  other  depressions  in  the  steel  rail 
track  over  which  it  has  been  run,  since  the  increase  in  weight  of  cars 
and  their  loads. 

It  will  amply  repay  the  expense  for  any  railway  company  to  period- 
ically inspect  its  track  by  means  of  Mr.  Dudley's  Dynagraph  Car,  the 
records  from  which  will  develop  facts  of  great  importance,  the  existence 
of  which  has  been  unsuspected,  or,  if  known,  their  lesson  has  been  over- 
looked. 

My  especial  acknowledgments  are  due  to  the  officers  of  the  Pennsyl- 
vania Railroad  Company,  the  Pennsylvania  Company,  Mr.  E.  P.  Vining, 
Freight  Traffic  Manager,  Union  Pacific  Railway  ;  Mr.  James  Dredge, 
editor  Engineering,  of  London  ;  Mr.  P.  W.  Dawson,  Secretary  London 
Clearing  House,  and  Mr.  George  A.  Gutch,  for  valuable  aid  and  informa- 
tion furnished  for  the  preparation  of  this  paper. 
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APPENDIX. 

Since  the  foregoing  was  read,  I  have  received,  through  the  courtesy 
of  Mr.  George  Darling,  General  Manager  of  the  White  Line  (composed 
of  cars  owned  by  and  running  on  the  line  of  the  New  York  Central  & 
Hudson  Eiver  Railroad  Company,  and  the  Lake  Shore  &  Michigan 
Southern  Railroad  Company,  and  their  connections),  a  statement  of  the 
number  of  cars  in  the  line  and  the  miles  run  by  them  in  each  year  from 
1868  to  1882,  inclusive,  which  I  append,  with  the  average  mileage  made 
per  day,  allowing  313  days  per  year,  as  follows  : 


Yeaks. 

No.  OP  Cars. 

Miles  Run 
PER  Car. 

Average  Mileage 
PER  Day. 

Averages  per  Day  for 
Groups  of  Years. 

1868.... 

506 

22  926 

73.25 

^ 

1869.... 

664 

23  000 

73.48 

-  3  years,  78 .  27 

1870.... 

982 

27  567 

88.07 

^ 

1871   ... 

2  018 

20  827 

66.54 

] 

1872.... 

2  390 

23  916 

76.41 

'  2  years,  71 .  47 

1873..   . 

3  113 

21  227 

67.82 

1874.... 

3  126 

20  148 

64.37 

1875.... 

3  137 

17  389 

55.55 

1876.... 

3  118 

20  868 

66.67 

-6  years,  64.16 

1877.... 

3  125 

18  956  ■ 

60.56 

1878.... 

3  520 

21908 

70.00 

1879.... 

4  042 

20  060 

64.09 

1 

1880.... 

4  670 

15  332 

49.00 

\  4  years,  50 .  83 

1881.... 

4  553 

14  818 

47.34 

1882.... 

4  780 

13  429 

42.90 

^ 

-ri            •! 

11        1 

-T           J.1-        L                      XI. 

„     .1 „£ 

.„  „„»    • J     i.1- „ 

It  will  be  observed,  that  as  the  number  of  cars  were  increased,  the 
average  number  of  miles  run  has  steadily  decreased;  in  1868-70,  with  less 
than  1  000  cars  the  average  mileage  was  78.27  ;  in  1871-2  with  over  2  000 
cars,  it  was  71.47  ;  in  1873-8  with  3  100  to  3  500  cars  it  was  64.16  ;  and  in 
1879-82,  with  4  000  to  4  800  cars,  they  averaged  50.83. 
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Mr.  Darling  says  :  "  The  steady  decrease  in  the  mileage  of  our  cars  is 
not  so  much  owing  to  the  increased  equipment  as  it  is  to  the  fact  that  in 
the  early  history  of  the  line,  White  Line  cars  were  used  solely  for  White 
Line  traffic,  but  later,  owing  to  the  necessities  of  business  and  other  cir- 
cumstances, many  foreign  cars  were  used  in  the  White  Line  service,  and 
our  territory  became  so  extended  that  our  own  cars  got  beyond  our  con- 
trol to  a  certain  extent  and  often  were  lying  idle,  while  common  cars  of 
roads  interested  were  earning  the  mileage." 

In  other  words,  when  business  is  active  the  companies  use  the  Line 
cars  in  their  local  traffic  where  they  make  light  mileage,  while  when  busi- 
ness is  slack  they  hold  Line  cars  empty  on  sidings  where  they  earn  no 
mileage  and  load  their  own  cars  which  are  thus  made  to  earn  mileage 
properly  belonging  to  the  Line  cars. 

The  reduced  average  mileage  during  1879-82  is  the  more  noticeable 
because  they  were  years  of  active  demand  for  cars,  and  during  which  the 
increase  in  car  equipment  was  more  than  double  that  of  any  previous 
years. 

The  same  state  of  facts  was  noticed  in  the  mileage  of  Union  Line 
cars  (Transactions,  November,  1882,  pp.  382-3)  which  I  will  here  repeat 
for  the  purpose  of  comparison. 


Yeaks. 

No.  OF  Cars. 

Miles  Run 
PER  Car. 

Average  Mileage 
PER  Day. 

Average  per  Day  for 
Groups  of  Years. 

1876.... 

3  983 

27  811 

88.85 

1 

1877.... 
1878.... 

3  800 
3  828 

22  668 
24  672 

72.42 

78.82 

j- 4  years,  79.91 

1879.... 

4  052 

24  904 

79.57 

1880.... 

4  689 

19  359 

61.85 

^ 

1881.... 

5  843 

16  788 

53.64 

i^  3  years,  53 .  74 

1882.... 

6  041 

14  313 

45.73 

J 

While  the  Union  Line  average  is  uniformly  better  than  that  of  the 
White  Line,  the  percentage  of  decrease  which  accompanies  the  increase 
in  number  of  cars,  is  surprisingly  similar.     Take  the  averages  for  1879 
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and  1880,  when  the  number  of  cars  used  by  the  two  lines  were  nearly 
equal  and  they  compare  as  follows,  viz. : 


Union  Line. 

■ 
White  Line. 

Years. 

No.  Caks.      Daily  Mileage. 

No.  Cars. 

Daily  Mileage. 

1879 

4052 

79.57 

4042 

64.09 

1880 

4689 

61.85 

4670 

49.00 

Increase 

637 

628 

Decrease 

17.72 

15.09 

Percent 

15.72 

22.27 

15.53 

23.54 

While  the  causes  cited  by  Mr.  Darling  and  the  Union  Line  Officers^ 
doubtless  had  their  effect,  the  lesson  to  be  drawn  from  the  data  pre- 
sented, is  clearly  summed  up  in  the  following: 

1.  When  cars  were  few,  they  received  personal  supervision  of  their 
owners,  which  kept  them  in  motion  so  that  they  made  a  fair  average 
mileage,  although  at  no  time  was  the  mileage  what  it  would  have  been 
with  other  facilities,  proportionate  to  the  number  of  cars,  and  under  the 
best  administrative  system. 

2.  With  the  enormous  increase  in  the  number  of  cars  (five  fold  in  the 
case  of  the  White  Line,  from  1870  to  18S2),  and  the  almost  equally  great 
extension  of  the  territory,  over  which  they  are  run,  personal  supervision 
by  the  owners  became  impossible  ;'  other  facilities,  power,  terminal,  et 
ah  were  not  correspondingly  increased,  and  in  consequence,  the  move- 
ment per  car  per  day  has  fallen  off  so  greatly,  as  to  make  it  a  very 
serious  question  whether  further  increase  in  cars,  under  existing  circum- 
stances will  not  be  actually  injurious. 

3.  The  only  posible  remedy,  for  the  inability  of  owners  to  supervise 
the  movement  of  their  cars,  is  to  make  it  the  interest  of  their  custodians, 
wherever  they  may  be,  to  keep  the  cars  in  motion.  This  can  'be  best 
accomplished  by  a  per  diem  charge. 

This  subject  merits  the  most  careful  consideration  of  the  Railroad 


221 

Companies  of  this  country.  The  whole  number  of  freight  cars  in  the 
United  States  probably  approximates  800  000.  If  the  average  miles  run 
per  car  per  day  can,  by  a  proper  system,  and  the  necessary  power,  etc., 
be  increased  33^  per  cent,  (as  I  believe,  and  think  I  have  demonstrated), 
it  follows  that  600  000  cars  would  do  all  the  work  now  done  with  800  000; 
the  surplus  of  200  000  cars  represents  over  one  hundred  million  dollars 
(.f  100  000  000)  invested  where  it  does  no  good,  and  not  only  that,  but 
where  it  actually  does  harm,  by  impeding  the  movement  of  other  cars, 
causing  needless  blockades,  and  begetting  habits  of  negligence  in  the 
movement  of  all  cars.  If  this  is  true,  there  is  a  maintenance  charge  of 
at  least  $40  per  car  per  annum,  on  the  surplus  200  000  cars,  amounting 
to  eight  million  dollars  {$8  000  000)  per  year,  which  with  seven  per  cent, 
on  the  unnecessary  investment  in  the  cost  of  the  cars,  or  seven  million 
dollars  {$7  000  000),  makes  an  unnecessary  charge  against  the  traffic  of 
the  country  amounting  to  fifteen  million  dollars  ($15  000  000)  per 
annum. 
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SCHEDULE  A. 

Showing  the  Comparative  Cost  for  the  Items  of  "Raii.s"  and 
"Labor  Repairing  Track"  when  the  Rails  were  of  Iron, 
with   the   Cost   of   same   Items   when   the   Rails    were   Steel. 

Pennsylvania  Railroad  and  Branches. 


Miles  Run  by  Engines, 

Freight — Ton 
Mileage. 

Year. 

Freight. 
(5  355  865 

Passenger. 

Total. 

Freight — 
Per  Ceut. 

18G8 

2  051  625 

8  407  490 

75.59 

675  775  560 

18(59 

()  904  888 

2  302  968 

9  207  856 

74.99 

752  711  312 

1870 

7  358  537 

2  472  434 

9  830  971 

74.85 

825  979  692 

1871 

8  879  144 

2  601  502 

11  480  646 

77.34 

1  Oil  892  207 

1872 

10  471  582 

2  909  374 

13  380  956 
52  307  919 

14  847  569 

78.26 

1  190  144  636 

5  years. . 

39  970  016 
11  225  810 

12  337  903 

3  621  759 

76.42 

4  456  503  407 

1878 

75.60 

1  732  003  131 

1879 

12  569  348 

3  756  820 

16  326  168 

76.98 

2  136  708  887 

1880 

12  505  271 

4  270  737 

16  776  008 

74.54 

2  298  317  322 

1881 

14  405  994 

4  678  629 

19  084  623 

75.48 

2  655  438  764 

1882 

,  15  236  589 
65  943  012 

5  097  229 

20  333  818 

74 .  93 

2  879  542  701 

5  years .  . . 

21  425  174 

87  368  186 

75.47 

11  702  010  805 

POSTSCRIPT 


To  be  inserted  nfler  page  221,  Vol.  XII.,  June,  1883,  Transactions  of  the 
American  Society  of  Civil  Engineers.  How  can  Railways  be  made 
more  Efficient  for  the  Transportation  of  Freight  ?  By  William  P. 
Shinn,  M.  Am.  Soc.  C.  E. 


In  addition  to  the  annual  loss  of  ^15  000  000,  estimated  as  resulting 
from  the  existence  of  200  000  cars  which  are  not  needed  for  the  present 
or  past  traffic  of  the  railways  of  the  United  States,  there  are  other 
losses,  restilting  in  part  from  the  existence  of  these  surplus  cars  and  in 
part  from  the  inefficient  movement  of  cars,  which  is  partly  the  cause  and 
partly  the  effect  of  the  .surplus  in  their  number. 

Allowing  an  average  of  35  feet  per  car  for  the  standing  room 
for  these  surplus  cars  (for  surplus  cars  are  always  standing  somewhere), 
it  will  require  1  325  miles  of  yard  tracks  to  hold  them,  most  of  which 
tracks  will  be  in  or  contiguous  to  cities  and  large  towns.  At  an  average 
cost  of  $25  000  per  mile,  to  cover  land,  grading  and  superstructure,  this 
will  require  a  capital  investment  of  $33  125  000,  upon  which  the  annual 
interest  charge  will  be,  at  7  per  cent.,  $2  318  750. 

The  maintenance  ^of  these  tracks,  at  $1  250  per  mile  per  annum, 
costs  $1  656  250.  Mr.  Poor,  in  his  Manual  for  1883,  estimates  the  value 
of  the  freight  transported  in  1882  on  all  the  railroads  in  the  United 
States  at  $15  000  000  000  ,  one  day's  interest  on  which,  at  six  per  cent., 
would  be  $2  500  000.  If  we  estimate  the  average  unnecessary  detention 
to  this  freight  at  four  days  we  have  an  annual  loss  from  this  cause  of 
$10  000  000,  and  the  annual  loss  resulting  from  inefficient  car  movement 
in  the  items  above  enumerated  reaches  the  enormous  aggregate  of 
$28  975  000,  with  many  items  of  increased  expense  and  consequent  loss 
not  included. 

The  annual  interest  on  the  public  debt  of  the  United  States  as  it 
stood  at  the  close  of  business  September  29th,  1883,  was  $41  767  397. 

The  loss  to  the  railroad  companies,  manufacturers  and  business  men 
of  the  country  arising  from  the  inefficient  movement  of  cars  is  thus 
seen  to  be  equal  to  and  probably  in  excess  of  three  fourths  of  the  interest 
on  the  national  debt. 
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Cost  of  Maintenance. 


*  Assign  ED  to  Freight. 

Peu 
Engine  Mile. 

Peb 
Ton  Mile. 

Year. 

For  Rails. 

For  Labor. 
Dollars. 

Rails. 

Labor. 
Dollars. 

Rails. 
Cents. 

Labor. 
Cents. 

Rails. 

Lab  r. 

Dollars. 

Dollars. 

Cents. 

Cents. 

1868.... 

962  404 

223  260 

727  481 

168  762 

11.44 

2.65 

.1076 

.0249 

1869.... 

768  127 

275  901 

576  018 

206  899 

8.34 

2.99 

0765 

.0277 

1870... 

750  370 

205  800 

561  653 

154  042 

7.63 

2.07 

.0679 

.0187 

1871.... 

897  790 

215  824 

694  350 

166  918 

7.81 

1.88 

.0686 

,0167 

1872.... 

1  021  297 
4  399  988 

166  989 
1  087  774 

799  267 

130  685 

7.63 

8.41 
1.19 

1.25 

2  08 

.0671 
.0754 

.0109 

5  years. 

3  358  769 

827  306 
287  657 

.0186 

1878.... 

177  799 

382  879 

131  478 

2.57 

.0075 

.0166 

1879.... 

155  003 

-424  979 

104  800 

315  589 

0.95 

2.60 

.0049 

.0148 

3880.... 

250  181 

551  532 

179  792 

411  343 

1.49 

3.28 

.0078 

.0179 

1881 .... 

471  016 

659  003 

326  080 

473  039 

2.46 

3.45 

.0123 

.0178 

1882  ... 

492  856 

741  119 

369  656 
1  111  806 

.561  510 
2  049  138 

2.42 
1.79 

3.64 
3.16 

.0128 
.0095 

.0195 

5  years. 

1  546  855 

2  759  512 

.0175 

*  The  division  between  Passenger  and  Freight  for  1868-1872  is  made  on  basis  of  engine 
mileage— for  1878-1882,  it  is  divided  by  P.  R.  R   Co. 
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SCHEDULE  k.— [Continued). 
Pittsburgh,  Fort  Wayne  and  Chicago  Railway. 


Miles  Run  by  Engikes. 

Freight — 
Per  Cent. 

Year. 

Freight. 

Passenger . 

Total. 

Freight- 
Ton  Mileage. 

1866 

1867 

1868 

3  118  019 
3  221  486 
3  776  987 

1  456  185 
1  502  117 
1  525  098 

4  574  204 

4  723  603 

5  302  085 

68.17 
68.19 
71.22 

233  274  794 
228  791  443 
307  443  978 

3  years. 

10  116  492 

4  483  400 

14  599  892 

69.29 

769  510  215 

1878 

1879 

1880 

1881 

1882 

5  498  249 

6  686  128 

6  462  474 

7  916  719 
7  514  672 

1  555  974 
1  633  695 

1  824  012 

2  015  298 
2  199  716 

9  228  695 

7  054  223 

8  319  823 

8  286  486 

9  932  017 
9  714  388 

77.94 
80.37 
77.98 
79.70 
77.35 

637  470  500 
803  083  260 
806  257  399 
1  044  447  161 
991  907  501 

5  years. 

34  078  242 

43  306  937 

78.69 

4  283  165  827 
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Cost  of  Maintenance. 


*AssiGNED  TO  Freight. 

Per 

Engine  Mile. 

Per 
Ton  Mile. 

Year. 

For  Rails. 

For  Labor. 

Bails. 
Dollars . 

Labor . 

Rails. 
Cents. 

Labor. 

Cents. 

Rails. 

Labor. 

Dollars. 

Dollars . 

Dollars . 

Cents. 

Cents. 

1866.... 

435  794 

205  305 

297  080 

139  956 

9.52 

4.48 

.1273 

.0599 

1867. . . . 

480  127 

178  954 

327  398 

122  028 

10.16 

3.78 

.1431 

.0533 

1868 

438  140 

194  410 

578  669 

312  043 

138  478 
400  462 
182  863 

8.26 
9.27 
1.68 

3.66 
3.95 

.1014 

.0454 

3  3'ears. 

1  354  061 

119  348 

936  521 
92  053 

.1217 
.0144 

.0520 

1878.... 

234  736 

3.32 

.0286 

1879.... 

118  107 

233  882 

94  922 

187  970 

1.44 

2.81 

.0118 

.0234 

1880.... 

77  564 

269  148 

60  484 

210  070 

.93 

3.24 

.0075 

.0265 

1881.... 

115  626 

293  903 

92  153 

234  240 

1.16 

2.96 

.0088 

.0224 

1882 .... 

83  340 
513  985 

305  132 

64  463 
404  075 

236  019 

.85 
1.18 

3.14 
3.08 

.0065 
.0094 

.0238 

5  years. 

1  336  801 

1  051  162 

.0245 

*  The  division  between  Passenger  and  Freight  made  on  basis  of  the  engine  mileage. 
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APPENDIX  B. 

Kegulations  of  the  Kailway  Clearing  Hottse  of  Great  Britain  relating  to 
Compensation  fob  Use  of  Goods  Wagons.* 

Mileage  Charges. 

1.  The  following  is  the  scale  of  mileage  charges  for  the  use  of  Wagons  and 
Sheets,  with  loads  of  a  ton  or  upwards,  whether  run  in  Goods,  Passenger,  or 
Special  Trains,  viz.  : 


Wagons. 

Distances. 

Box   Wagons, 
Break  Vans  and 
Double     Sheep 
Vans. 

Open  Wagons, 
not  less  than  11 
ft.  6  in.    on  the 
floor  inside.  Cat- 
tle Wagons  and 
Timber  Wagons, 

Open   Wagons, 
less  than  11  ft.  6 
in.   on  the  floor 
inside. 

Sheets. 

63  miles  &  under 

64  to    85 . 

d. 
.666|  per  mile. 

.600 

.5331         .< 

.4661         " 

.400 

.300 

d. 
.500  per  mile. 

.450 

.400 

.350 

.300 

.225 

d. 
.333|  per  mile. 

.300 

.2661         " 

233| 

.200 

.150 

d. 

.166|  per  mile. 

.150 

86  "128     

.133^ 

129  "  163 

.1161 

164  "  233 

• 
234  &  upwards. . . 

.100 
.075 

2.  The  same  charges  are  made  for  the  use  of  Wagons  and  Sheets  with  loads 
of  less  than  a  ton  of  the  under-mentioned  traffic,  viz.  : 

Fresh  Fish,  f  if  when  passing  the  June-  ] 

I  I 

Ripe       Fruit       (including   {  tion  of  the  parent  line  the   J    5  cwts. 

I  i 

Apples,  Pears  and  Plums),    [  load   weighs   not   less  than  J 


Fresh    Vegetables   (includ- 
ing Cabbage  Plants), 
Teazles, 
Wicker,        Windsor       and   ! 


if  when   passing  the  junc- 
tion of  the  parent  line  the   \  10  cwts. 


Abercorn  Chairs,  to  or  from 
the  Manufacturer's  Works,    [ 


I  load   weighs   not   less  than   I 


*  Furnished  by  the  courtesy  of  Mr.  P.  W.  Dawson,  Secretary. 


^ 


3s.    per    vehicle    per 
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3.  Double  the  box  wagon  rate  (as  above)  is  charged  for  the  use  of  gun- 
powder vans  containing  gunpowder  or  other  explosives,  whatever  the  weight 
of  the  load. 

4.  For  wagons  constructed  to  carrs'  articles  of  unusual  weight  or  bulk, 
and  so  used,  the  mileage  charges  are  as  follows,  viz.  : 

15  tons  and  under  20  tons,  Id.  per  wagon  per  mile. 
•20     "       "        "       30     "      2d.         "  " 

30     "       "     above  4d. 

5.  Mileage  is  not  charged  upon  wagons  loaded  with  breeze,  cinders,  coke, 
or  carrying  cannel  coal,  shale  coal,  damaged  wagons,  nor  upon  empty  wagons 
nor  folded  sheets. 

Demurrage  Charges. 

().  If  M^agons  are  detained  at  stations  beyond  two  clear  days,  demurrage 
charges  as  follows  a"re  made,  viz.  : 

Goods  wagons  (ordinary^,  open  and  box, 
Cattle    wagons,     Sheep   vans,     Coke   wagons,    when 

consigned  to  railwaj'  companies.  j        day. 

Mineral  wagons,  J 

Wagons    constructed    to    carry  1    15  tons  and  under  20  tons,     6s.  per  day. 

articles  of  unusual  weight  or   ]    20     "        "         "      30     "       r2s.         " 

I 
bulk,  J   30      "       "     above,  20s. 

7.  Demurrage  is  not  charged  u^ion  wagons  loaded  with — 

Blue  Billy  or  purple  ore.  Iron  ore. 

Breeze.  Iron  stone. 

Cannel.  Lime  (not  packed). 

Char  or  calcined  ironstone.  Limestone. 

Cinders.  Mill  furnace  cinders  or  burnt  ore. 

Coal.  Mine,   or  bull   dog,   or  pig  iron  dross,  or 
Coke    consigned    to     private  slag, 

parties.  Shale  coal. 

8.  If  sheets  are  detained  at  stations  beyond  two  clear  days,  demurrage  is 
charged  as  follows,  viz.  : 

For  the  first  day,  6d.  per  day. 
For  every  day  after,  Is.  per  day. 
Maximum  charge  as  for  60  days. 
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9.  In  charging  demurrage  for  wagons  and  sheets,  the  j)eriod  of  exemption 
is  reckoned;  in  the  case  of  loaded  wagons  and  sheets  in  use,  up  to  the  time 
they  leave  the  loading  station ;  but  in  the  case  of  empty  wagons  and  folded 
sheets,  up  to  the  time  they  are  delivered  to  the  next  company  at  the  junction. 
Should  the  period  of  exemption  from  demurrage  fixed  by  this  regulation 
have  elapsed  at  the  time  a  loaded  wagon  or  sheet  in  use  leaves  the  station, 
one  day  free  from  demurrage  is  allowed  for  getting  it  to  the  junction  with 
the  next  company's  line  if  the  distance  be  under  120  miles,  two  days  if  the 
distance  be  above  119  miles  and  under  250  miles,  and  three  days  if  the  dis- 
tance be  250  miles  or  upwards.  In  like  manner,  empty  wagons  and  folded 
sheets  returning  home  are  allowed  an  additional  day  before  the  demurrage  is 
charged,  if  the  length  of  the  journey  be  more  than  119  miles,  and  two  days 
extra  if  more  than  249  miles. 

One  day  exclusive  of  the  day  on  which  the  wagon  or  sheet  was  received  is 
allowed  for  its  transmission  over  each  railway  traversed  during  the  journey, 
if  the  length  of  the  railway  be  under  120  miles,  two  days  if  the  length  be 
above  119  miles  and  under  250  miles,  and  three  days  if  the  length  be  250 
miles  or  upwards,  but  demurrage  is  charged  if  those  periods  so  exempted  are 
exceeded. 

10.  A  company  loading  or  relabeling  a  wagon,  whatever  be  the  weight  of 
its  load,  in  a  wrong  direction,  is  charged  demurrage  from  the  daj^^  on  which 
the  wagon  is  sent  wrong  until  it  arrives  at  home,  unless  before  its  arrival  it 
be  missent  by  another  company,  in  which  case  the  liability  of  the  first  com- 
j)any  ceases,  and  the  second  company  renders  itself  liable  to  demurrage 
from  the  time  the  act  of  wrong  sending  is  repeated.  Companies  who  detain 
beyond  the  usual  time  wagons  sent  in  a  wrong  direction  by  other  companies 
are  charged  for  such  excess  detention,  and  the  amount  is  deducted  from  the 
charge  made  against  the  companies  for  committing  the  wrong  sending.  This 
regulation  applies  also  to  sheets. 


APPENDIX  C. 

Extracts  from  Letter  of  F.  Rinecker,  M.  Am.  Soc.  C.  E,  ,  in  reply  to 
Letter  of  Inquiry  into  Regulations  on  the  Railway  System  of 
Germany,  as  to  Charges  for  Car  Service. 

WuERZBURG,  Germany,  March  9,  1883. 

The  German  railways  under  the  management  of  the  Government,  as 
well  as  those  in  the  hands  of  private  companies,  have  for  some  time  past 
operated  under  an  agreement  covering  matters  of  general  interest.     For 
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this  purpose  they  form  an  organization  (verbund),  in  which  their  dele- 
gates meet  once  each  year  in  convention. 

One  of  the  questions  thus  arranged  is  the  payment  for  service  of 
foreign  cars  [wagenmietlie — lease  of  cars),  for  which  settlement  is  made 
at  the  following  rates,  viz. : 

1.  The  general  rule  is  to  charge  for  use  of  cars  on  another  railway — 
loaded  or  empty — 1  mark  (23i^o  cents)  per  day,  plus  .01  mark  (.238 
cents),  per  kilometer  run  (equal  to  38  cents  per  mile  run)  per  car,  the 
kind  and  caj)acity  of  cars  not  being  considered,  the  usual  tonnage 
capacity  being  10  000  kilos.,  or  say  11  tons.  (See  rule  4  for  demurrage 
on  cars  detained  beyond  allotted  time.) 

2.  Payment  for  distance  run,  without  a  charge  per  day,  is  the  rule 
only  between  Swiss  and  German  border  railways;  the  rate  charged  is 
0.01  franc  per  Achs  kilometer  (there  being  cars  with  two  and  three 
axles),  equal  to  0.31  cents  per  axle  mile.  After  the  expiration  of  the 
allotted  time  (see  rule  4),  the  charge  is  3.75  francs  (0.72  cents)  j^er  car 
per  day. 

3.  Payment  of  a  rate  per  day  only  is  not  usual. 

4.  The  time  allowed  for  distances  run  is: 

For  75  kilometers  (46.605  miles),  or  less 1  day. 

"     75  to  225  kilometers  (139 .  815  miles) 2  days. 

"     each  225  kilometers  (139.815  miles)  farther. .  .1  day. 
*'     unloading  and  loading 2  days. 

After  the  expiration  of  the  allotted  time  2  marks  (47.6  cents)  are 
charged  per  car  per  day  as  penalty  [verzogeringsgehuhr)^  in  addition  to 
the  regular  rate  of  1  mark  per  day,  making  the  cost  per  day  over  the 
allotted  time  3  marks  (71 .4  cents,)  per  car. 

From  a  paper  by  the  well-known  M.  M.  v.  Weber,  ^' Lehrende  und 
rathende  zahlen,''  published  August,  1876,  in  '^' AUgemeineZeitung,''  I 
gather  the  following": 

"The  freight  cars  of   Prussia,  in  1874,  ran  14  979  axle  kilometers. 
"  "      Austria,      "  «*    14  748  " 

"  *'      France,  in  1867,      "    15107 

showing  that  about  2O2-  days  in  the  year  were  spent  in  running  and 
working  (earning)  movement,  while  220  days  were  spent  at  stations, 
loading  and  unloading,  waiting  in  custom-houses,  making  up  trains, 
etc.,  and  124|  days  in  repairs  and  on  tracks  idle. 


230 

"Estimating  the  average  load  of  the  freight  cars  when  loaded  (the 
average  capacity  being  15.600  kilogrammes  per  axle), 

In  Prussia,  1874,  7  780  kilos,  per  axle, 
*'  Austria,      "     7  510 
''  France,       *'     7  096 
we  find  the  cars  during  the  whole  year  were  used   only  equal  to  10  days' 
actual  running  capacity,  fully  loaded. 

"Thereby  the  dead  load  is  56.400  kilogrammes  for  20.000 kilogrammes 
moved  load;  and  this  goes  to  show  the  little  actual  service  furnished  by 
the  colossal  and  complicated  railway  apparatus  up  to  the  present  time 
(1876)." 


APPENDIX   D. 

Letters  from  Mr.  E.  P.  Yining,  Freight  Traffic   Manager   Union 

Pacific  Railway  Company. 

Omaha,  January  29th,  1883. 

My  Dear  Mr.  Shinn, — I  am  in  receipt  of  your  favor  of  20th  inst.,  and 
am  glad  to  learn  that  my  former  letter  was  of  some  little  use  to  you.  It 
is  one  of  the  points  in  which  our  railroad  business  is  open  to  criticism, 
that  it  is  a  very  difficult  matter,  and  one  involving  a  great  deal  of  time 
and  trouble,  to  obtain  any  full  and  reliable  statistics  as  to  the  time  that 
freight  shipped  over  two  or  more  railroad  lines  is  in  transit.  No  check 
of  any  nature  is  kept  by  any  one,  so  far  as  I  know,  as  to  the  length  of 
time  that  the  freight  may  be  in  transit.  Movements  of  cars  can  be  fol- 
lowed, through  the  car  accountant's  offices,  but  when  freight  is  repeat- 
edly transferred  en  route  there  is  no  check  upon  the  length  of  time  that 
may  be  occupied  by  the  transfers.  When  freight  from  New  York  or 
any  other  eastern  point  reaches  Council  Bluffs,  we  have  no  means  of 
knowing  when  it  started  from  the  point  of  shipment,  except  that  in  some 
cases,  in  which  there  are  claims  for  overcharge,  losses  or  damage,  con- 
signee presents  us  his  bill  of  lading,  together  with  the  expense  bill. 
These  two  papers,  taken  together,  show  the  length  of  time  that  the 
freight  was  en  route,  and  it  was  upon  my  recollection  of  such  claims,  aa 
they  have  been  made  from  time  to  time  during  the  last  eleven  or  twelve 
years,  that  I  founded  the  statements  contained  in  my  former  letter.  I 
know  these  statements  to  be  substantially  correct  as  to  the  usual  length. 


I 
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of  time,  but  as  I  have  kept  no  record  upon  the  subject  I  cannot  give  you 
the  official  data,  and  it  would  require  many  months'  records  as  to  such 
cases  as  they  arose  to  secure  sufficient  data  to  be  of  value. 

One  important  step  toward  the  making  of  better  time  would  be  the 
adoption  of  some  system  by  which  freight  could  be  billed  through  from 
point  of  shipment  to  point  of  destination,  over  as  many  lines  as  might 
be  necessary,  upon  a  single  way-bill,  thus  avoiding  the  present  plan  of 
rebilling  at  transfer  points.  In  order  to  carry  out  this  plan  successfully 
it  would  probably  be  necessary  to  establish  a  clearing  house.  If  this 
plan  were  adopted,  and  if  some  officer  were  appointed  whose  duty  it 
was  to  keep  an  accurate  statement  as  to  the  length  of  time  that  each 
shipment  was  in  transit,  and  if  this  statement  were  properly  brought  to 
the  attention  of  the  nianaging  officers  of  the  roads,  I  believe  that  many 
delays  that  now  occur  simply  through  the  inefficiency  and  carelessness 
of  the  lower  grades  of  employees,  who  now  work,  practically,  without 
supervision  from  any  higher  officer,  would  be  remedied. 

Yours  truly, 

E.  P.  VINING. 

Omaha,  March  2d,  1883. 

William  P.   Shinn,  Esq.,    Windsor  Hotel,   New   York  City: 

Dear  Sir, — Replying  to  your  inquiries  regarding  our  trial  of  the  per 
diem  basis  for  car  service,  I  would  state  that  I  took  the  matter  up  some 
eight  years  ago,  with  both  our  western  and  eastern  connections.  The 
General  Freight  Agent  of  the  Central  Pacific  Railroad  agreed  to  put  the 
system  in  practice,  but  when  the  attention  of  the  General  Manager  of 
the  line  was  called  to  the  subject  he  canceled  the  agreement.  I  could 
not  get  any  eastern  line  to  consent  to  the  arrangement,  except  the  Chi- 
cago, Burlington  and  Quincy.  The  General  Freight  Agent  of  that  line 
agreed  with  me  that  it  was  the  only  proper  basis,  and  we  finally  managed 
to  give  it  a  trial  between  our  two  lines. 

The  basis  was  strictly  per  diem,  and  at  the  rate  of  50  cents  per  car 
per  day. 

This  arrangement  remained  in  force  between  the  Chicago,  Burlington 
and  Quincy  and  our  line  for  some  two  years,  when  it  was  abandoned,  at 
the  request  of  the  Chicago,  Burlington  and  Quincy,  upon  the  ground 
that,  as  we  could  not  get  any  other  lines  to  join  in  the  agreement,  it  was 


232 

hardly  worth  while  to  kee^D  an  exceptional  arrangement  in  force  between 
our  two  lines  pJone. 

The  tendency  of  the  arrangement  was  to  ensure  prompter  movement 
of  the  Chicago,  Burlington  and  Quincy  cars  over  our  line,  and  of  our 
cars  when  upon  the  Chicago,  Burlington  and  Quincy  line,  than  was  and 
is  the  case  while  payment  is  made  on  the  mileage  basis.  I  cannot  see 
any  reasonable  objections  to  the  plan  of  paying  per  diem  for  the  use  of 
cars,  and  think  it  is  in  every  respect  superior  to  the  plan  of  paying 
according  to  the  mileage.  The  objections  to  putting  the  arrangement  in 
force  come  from  lines  which  handle  their  business  so  negligently  as  to 
detain  cars  for  an  unreasonable  length  of  time,  and  upon  which  it  is  the 
practice  to  use  foreign  cars  for  local  business,  which  mileage  may  or 
may  not  be  reported  to  the  company  owning  the  cars.  The  officers  of 
such  lines  seem  to  fear  that  the  adoption  of  a  per  diem  basis  will  not 
work  as  advantageously  to  them  as  the  basis  now  in  force,  and  they  are, 
therefore,  deaf  to  all  arguments  upon  the  subject. 

Taking  our  case  as  an  illustration,  it  is  frequently  the  case  that  we 
are  badly  pressed  for  cars  at  a  time  when  there  is  also  a  great  demand 
upon  our  eastern  connections.  In  such  case,  when  a  car-load  of  freight 
reaches  Council  Bluflfs,  if  it  is  of  such  a  nature  that  it  seems  that  it  can- 
not be  transferred  without  injury,  it  has  been  customary  for  us  to  take 
the  car  of  our  eastern  connections  and  give  them  one  of  ours  in 
exchange  for  it.  If  in  such  case  we  are  able  to  so  manage  our  line  as  to 
run  the  freight  car  which  we  receive  from  Council  Blufifs  to  Ogden  and 
back  again,  so  as  to  deliver  the  car  at  Council  Bluffs  to  the  line  owning 
it  at  the  same  time  that  our  car  is  delivered  to  us  after  having  made  a 
trip  from  Council  Bluffs  to  Chicago  and  return,  there  certainly  seems  to 
be  no  good  reason  why  we  should  pay  them  ^10.32  for  the  use  of  their 
car,  and  receive  from  them  only  $4.90  for  the  use  of  our  own. 

It  would  certainly  seem  as  if  some  plan  should  be  adopted  for  the 

interchange  of  cars  which  would  encourage  their  prompt  handling,  and 

not  put  a  premium  upon  inefficiency  or  negligence. 

Yours  truly, 

E.  P.  VINING. 

Omaha,  March  28th,  1883. 
My  Dear  Mr.  Shinn,  — It  has  been  slow  work  getting  up  the  statis- 
tics which  you  wished  from  me  regarding  the  results  of  our  agreement 
with  the  C,  B.  &  Q,  R.  R.  Co.,  which  remained  in  force  for  some  two 
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years  from  February  1st,  1876,  making  the  basis  for  payment  by  each 
company  for  the  use  of  the  other's  cars,  50  cents  per  day,  instead  of  2 
cent  per  mile. 

Our  men  are  all  kept  pretty  busy  with  their  regular  work,  and  could 
only  work  upon  this  statement  at  odd  times. 

All  of  our  records  for  a  period  so  long  ago  are  also  filed  away  where 
it  is  difficult  to  get  at  them,  hence  it  has  taken  a  good  deal  of  time  to 
prepare  this  statement.  Even  now,  I  fear  that  you  will  not  find  it  in 
very  satisfactory  shape. 

The  agreement  above  referred  to  took  effect  February  1st,  1876,  and 
was  canceled  March  1st,  1878.  For  five  months  after  it  was  adopted,  we 
kept  not  only  a  record  of  the  number  of  days  that  C .  B.  &  Q.  cars  were 
used,  but  also  kept  their  mileage  record.  After  the  expiration  of  these 
five  months,  and  until  the  termination  of  the  agreement,  no  records  were 
kept  of  the  mileage  of  the  C.  B.  &  Q.  cars  in  such  shape  that  they  can  be 
got  at  except  at  a  cost  of  much  labor  and  time.  These  five  months  were 
winter  and  spring  months,  when  we  are  always  subject  to  some  delays 
from  snow-storms,  washouts,  etc. ,  and  hence  the  average  number  of  miles 
run  per  day  is  usually  less  at  this  season  of  the  year  than  at  other  seasons. 
Allowance  should  also  be  made  for  the  fact  that  these  five  months  were  the 
first  after  the  agreement  had  been  made,  when,  from  the  fact  that  our 
agents  would  not  all  have  learned  regarding  the  importance  of  giving 
special  attention  to  time  of  C.  B.  &  Q.  cars,  and  from  the  fact  that  any 
new  arrangement  seldom  works  as  perfectly  when  it  is  first  put  in 
force  as  it  does  after  it  has  been  running  a  length  of  time,  it  could 
hardly  be  expected  that  the  mileage  made  by  these  C.  B.  &  Q.  cars  would 
be  as  great  as  during  the  latter  part  of  the  time  that  the  contract  was  in 
force.  It  should  always  be  borne  in  mind  that  whatever  advantages  had 
resulted  from  the  arrangement  in  the  way  of  handling  cars  promptly, 
would  naturally  have  some  efi'ect  upon  the  handling  of  the  cars  during 
the  year  following  the  termination  of  the  agreement.  The  train  men 
and  despatchers  who  had  been  accustomed  to  giving  special  attention  to 
making  as  good  time  as  possible  with  C .  B.  &  Q.  cars,  for  a  period  of 
some  two  years,  would,  from  the  mere  force  of  habit,  and  from  the  fact 
that  some  of  them  may  not  have  known  of  the  termination  of  the  agree- 
ment, continue  to  give  somewhat  similar  special  attention  to  the  cars 
during  the  year  following  the  termination  of  the  agreement. 

Without  making  allowance  for  these  facts,  however,  you  will  observe 
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that  duriug  the  five  months  from  February  to  June,  1876,  inclusive,  for 
which  we  have  a  record,  both  of  the  number  of  days  that  the  cars  were 
used  and  the  number  of  miles  that  the  cars  were  run,  we  had  a  use  of 
these  cars  equal  to  the  use  of  one  car  3384  days,  and  during  that  time 
the  mileage  of  the  cars  was  315  737  miles,  showing  an  average  of  93  ^^o 
miles  per  day,  During  the  year  following  the  expiration  of  the  contract, 
■i.  e.  from  March  1st,  1878,  to  February  28th,  1879,  inclusive,  we  had  C. 
B.  &  Q.  cars  for  14  093  days,  which  made  a  mileage  of  861  508  miles,  be- 
ing an  average  of  only  61  i^o  miles  per  day.  In  other  words,  the  average 
number  of  miles  run  per  day  was  more  than  50  per  cent,  greater  during 
the  time  that  we  paid  upon  the  per  diem  basis  than  it  was  during  the  time 
that  we  paid  upon  the  mileage  basis.  It  is  also  noticeable  that  during 
the  time  that  we  paid  upon  the  per  diem  basis,  we  kept  C.  B.  &  Q  cars 
for  an  average  of  7  i^o  days,  while  for  the  year  following  the  termination 
-of  the  arrangement  we  kept  them  for  an  average  of  7  i^o  days. 

During  the  year  ending  February  28th,  1879,  we  paid  the  C.  B.  &  Q. 
$6  458. 78,  and  used  their  cars  for  14  093  days,  this  being  an  average  of  a 
little  less  than  46  cents  per  day.  We,  however,  ran  these  cars  only 
861  508  miles.  If  we  had  run  them  an  average  of  93i^o  niiles  per  day,  as 
was  done  during  the  time  the  per  diem  basis  was  in  effect,  we  should 
have  retained  them  only  9  234  days,  instead  of  14  093,  and  for  their  use 
we  would  have  paid  $4  617  instead  of  the  $6  453.78  which  we  actually 
paid.  It  therefore  appears  that  both  our  line  and  the  C.  B.  &  Q.  lost 
money  by  the  change  of  basis.  They,  instead  of  receiving  50  cents  per 
car  per  day,  received  only  46  cents,  and  we,  instead  of  the  $4  617  for 
861  508  miles  run,  paid  $6  453.78  for  the  service. 

In  the  above  calculations  I  have  figured  the  average  mileage  per  day 
made  during  the  time  that  the  per  diem  basis  was  in  effect  as  93  i\  miles, 
although,  for  the  reasons  explained  in  the  first  part  of  this  letter,  I  think 
that  the  actual  average  during  that  time  was  considerably  greater.  For 
instance,  in  the  month  of  June,  1876,  which  was  a  month  when  we  would 
be  but  little  subject  to  blockades  or  washouts,  and  which  was  several 
months  after  the  arrangement  had  been  put  in  force,  so  that  our  men 
had  become  somewhat  accustomed  to  it,  you  will  observe  that  the  average 
car  service  per  day  obtained  from  the  C.  B.  &  Q.  cars  exceeded  100  miles. 

Hoping  that  the  statistics  contained  in  accompanying  table  will  not 
Teach  you  too  late  to  be  of  service  to  you,  I  remain,  as  ever, 

Yours  very  truly,         E.  P.   VINING. 
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Car  Service  Accox:nt  wltk  C.  B.  k  Q.  Railway  from  February   1st, 
1876,  TO  February  28th,  1879,  inclusive. 


No.  OF 

No.  OF 

Av.  No. 

No.  OF 

Paid  to 

REC'D  FROM 

C.B  &Q.RY, 

Months. 

Year. 

Cars 

Days 

OF  Days  Miles 

C.  B.  &Q. 

1876 

Handled. 

Used.  ■ 
318 

per  Car 

Run. 
30  245 

R'Y. 

February 

52 

6 

$159  00 

$166  00 

March 

106 

764 

7 

77  072 

382  00 

235  50 

April  ....... 

137 

1  470 

11 

135  455 

735  00 

267  00 

May 

79 

511 

6 

40  364 

255  50 

222  00 

June  

60 

321 

5 

32  601 

160  50 

191  50 

July 

35 

293 

8 

178  50 

137  00 

August 

33 

309 

9 

, 

154  50 

254  50 

September  .  . . 

(55 

491 

8 

245  50 

1  001  00 

October 

119 

749 

6 

379  50 

911  00 

November . . . 

107 

700 

6 

350  00 

156  00 

December. . . . 

94 

734 

8 

367  00 

138  00 

January 

1877 

70 

607 

8 

303  50 

13  00 

Total 

963 

6  967 

7 

$3  670  50 

$3  692  50 

February 

1877 

47 

256 

5 

$128  00 

$  42  00 

March 

85 

722 

8 

361  00 

162  50 

April 

116 
109 

957 
803 

8 

7 

478  50 
401  50 

116  00 

May 

105  00 

June 

109 

85 

105 

907 

485- 
629 

8 
6 
6 

453  50 
242  50 
314  50 

64  00 

July 

49  50 

August 

217  00 

September  . 

316 

2  454 

8 

1  227  00 

48  50 

October 

402 

2  533 

(5 

1  266  50 

42  00 

November  .  . 

130 

1  208 

9 

604  00 

39  00 

December. . . . 

No  Record 

January 

1878 

31 

214 

7 

107  00 

105  00 

February.  ... 

( ( 

55 

229 

4 

114  50 

213  00 

Total 

1590 

11397 

7 

$5  698  50 

$1  203  50 

March 

April 

May 

June 

July 

August. .  .  . 
September 
October  , . . 
November. 
December. 
January . . . 
February. . 


1878 


1879 


118 
157 
169 
110 
119 
163 
217 
211 
185 
171 
86 
96 


i   930 

8 

1  118 

7 

1  051 

6 

665 

6 

i  1084 

9 

1  248 

8 

1  739 

8  , 

1  644 

8  i 

1  634 

9 

1  531 

9 

877 

10 

572 

6  ' 

59  786 
129  400 

i  90  715 
57  453 
51  396 
84  200 
114  096 
96  280 
62  818 
65  999 
23  380 

I  25  985 


$448  39 
970  50 
680  36 
430  89 
385  47 
631  50 
855  72 
722  10 
471  13 
494  99 
167  85 
194  88 


$444  44 
346  01 
320  95 
308  86 
264  40 
279  05 
365  61 

1  688  08 
326  51 
175  69 
245  63 
217  97 


Total . 


1802 


14  093 


8   861508  $6453  78 


$4  983  20 
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APPENDIX  E. 

The  Collection  and  Delivery  of  Freight  in  London  and  the 
Provinces  by  English  Eailway  Companies. 

The  information  herein  contained  was  furnished  by  Mr.  George  A.. 
Gntch,  at  the  request  of  Mr.  James  Dredge,  editor  of  Engineering,  in 
reply  to  the  following  letter  of  inquiry,  addressed  to  Mr.  Dredge: 

22  Cortlandt  Street,  ) 

New  York,  January  30th,  1883.  ) 
James  Dredge,  Esq., 

Edr.  Engineering,  London,  Eng.: 

My  Dear  Mr.  Dredge, — I  am  in  search  of  information  in  regard  to 
the  manner,  time  and  cost  of  delivery  of  goods  by  railway  companies  in 
London. 

1st.  Do  the  railway  companies  generally  or  universally  make  a  de- 
livery at  the  consignee's  store,  warehouse  or  dwelling  ? 

2d.  Within  what  time  after  arrival  of  goods  at  the  railway  termini 
are  the  goods  generally  delivered  ? 

3d.  Is  the  charge  for  delivery  a  special  or  extra  charge,  and,  if  so,, 
what  is  the  rate  ?     Or, 

4th.  Is  it  included  in  the  rate  for  transportation  ? 

5th.  Are  the  horses  and  drays,  wagons  or  the  plant  used  in  delivery 
owned  by  the  railway  companies,  or  by  other  parties  who  do  the  delivery 
by  contract  with  the  railway  companies  ? 

6th.  Is  the  same  system  in  effect  in  other  cities  of  the  United  King- 
dom ? 

7th.  Are  the  goods  for  shipment  gathered  up  by  the  same  agency,  or 

are  they  hauled  to  the  goods  depot  by  the  shippers  ? 

Yours  very  truly, 

(Signed)        WM.  P.  SHINN. 

London,  Chatham  and  Dover  Railway. 

(The  numbers  indicate  the  answers  to  the  questions  of  like  numbers.) 

No.  1.  The  work  is  generally  done  by  the  railway  companies;  in  a 
few  instances  special  contracts  are  made  by  the  companies  with  some 
carrier  ;  as  an  example,  Pickford  does  a  great  part  of  the  L.  &  N.  W. 
Co.'s  collections  and  deliveries  of  goods j  but  this  is  a  notable  exception. 
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and  it  may  be  said  fairly  that,  generally,  the  English  railway  companies 
make  the  deliveries  to  domicile. 

'  No.  2.  Everything  is  cleared  off  within  twelve  hours  after  arrival  at  the 
termini ;  in  our  case  the  goods  trains  run  into  London  during  the  night 
and  early  morning,  the  market  goods  and  perishables  are  delivered  be- 
fore 7  A.  M.,  and  nearly  all  the  generals  before  midday. 

Nos.  3  and  4.  The  delivery  charge  is,  in  the  case  of  the  Northern 
Companies,  included  in  the  freight  charge;  the  Southern  Companies 
rates  are  at  present  station  to  station  rates,  but  they  are  to  be  revised 
and  the  same  system  adopted  as  in  force  on  the  Northern  lines.  The 
Southern  Companies'  charge  for  delivery  varies  from  2s.  6d.  per  ton  to 
as  high  a  figure  as  15s.  per  ton.  If  the  sender  or  consignee  performs 
the  services  of  collection  or  delivery  and  claims  a  drawback,  the  Northern 
Companies  allow  the  sum  of  3s,  4:d.  per  ton  out  of  the  rate  for  each 
service. 

No.  5,  All  the  railway  companies  possess  the  plant  necessary  for  col- 
lecting and  delivering  goods. 

No.  6.  Yes;  all  over  England. 

No.  7.  Goods  are  collected  from  the  warehouses,  docks,  &c. ,  by  the 
railway  companies  under  precisely  the  same  conditions  as  apply  to  goods 
for  delivery.  On  this  small  system,  running  through  no  large  centres  of 
industry,  and  chiefly  carrying  by  goods  train,  vegetable,  fish  and  market 
j)roduce,  we  find  the  cartage  pays  us  at  least  20  per  cent.,  but  on  the 
Northern  lines  I  should  say  the  percentage  of  profit  over  working  is 
considerably  greater. 
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Gkeat  Nokthern  Railway. 

Ist.  The  Great  Northern  Company  make  delivery  to  consignees'  ware- 
house or  dwelling. 

2d.  The  goods  are  generally  delivered  within  three  or  four  hours 
after  arrival  at  the  railway  termini . 

3d.  An  extra  charge  is  made  for  delivery  beyond  the  free  limit. 

4th.  The  transit  charges  include  delivery  service  within  the  free 
limit. 

[Note  to  3  and  4. — Though  in  practice  we  cart,  yet  owners  have  the 
option  of  carting  themselves,  and  in  that  case  we  pay  them  cartage 
rebate.  But  certain  classes  of  heavy  goods,  called  respectively  ''mineral 
class  "  and  "  station  to  station  traffic,"  are  carried  at  rates  which  do  not 
include  delivery.  In  such  cases  we  cart  when  desired  and  make  a 
charge.] 

5th.  The  horses  and  vans  used  in  delivery  are  owned  by  the  Great 
Northern  Company,  but  hired  teams  are  employed  for  extra  traffic. 

6th.  The  system  varies  in  other  cities,  but  generally  the  cartage  work 
is  done  by  agents  of  the  railway  company. 

7th.  Goods  for  despatch  to  the  provinces  are  collected  by  Great 
Northern  vans,  and  sometimes  carted  in  by  senders,  but  only  a  small 
percentage . 

[Note  to  7. — Goods  for  export  shipment  in  London  are  delivered  by  the 
Great  Northern  Company  either  by  van,  by  railway  truck  or  by  barge  to 
dock,  jetty  or  alongside  ship.  Imported  goods  are  collected  by  the 
same  means.  ] 

Midland  Railway. 

1st.  The  railway  companies  generally  deliver  to  consignees'  store, 
warehouse  or  dwelling,  goods  on  arrival,  except  such  traffic  as  is  carried 
at  "'station  to  station  "  rates,  in  which  case  an  advice  of  the  arrival  of 
the  traffic  is  forwarded  to  consignee. 

2d.  Within  two  or  three  hours,  in  the  case  of  competitive  traffic; 
often  within  one  hour,  provided  consignee  lives  within  the  usual  limits . 

3d.  The  majority  of  English  companies  include  the  expense 

4th.  Of  cartage  at  both  ends  in  their  rate;  stone,  grain  and  mineral 
IDroducts  are  generally  exceptions;  these  are  carried  at  station  to  station 
rates,  and  the  cartage  extra  if  performed  by  the  company  may  be 
reckoned  at  2/ to  2/6  per  ton  in  the  country  and  4/  to  5 /in  London. 
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5th.  The  majority  of  the  railway  companies  own  their  own  wagons 
and  horses  in  London,  and  also  in  many  of 

6th.  Provincial  towns,  where  the  cartage  is  performed  for  the  railroad 
company  by  a  contractor. 

7th.  Goods  for  export  shipment  are  almost  all  carried  by  the  railroad 
companies  direct  to  the  ship  or  dock,  and  are  collected  in  the  same  man- 
ner, the  collected  and  delivered  rate  of  carriage  including  the  delivery  to 
or  collection  from  the  ship  or  dock. 

When  consignors  or  consignees  perform  the  cartage  operation  them- 
selves of  traffic  that  is  carried  by  the  railroad  companies  at  "collected 
and  delivered  rates,"  the  companies  allow  them  a  rebate  of  about  1/6 
per  ton  in  the  provinces  and  3/6  per  ton  in  London. 

North-Eastern  Railway — York  Station. 
Delivery  of  Goods. 

1st.  All  but  heavy  goods  are  carried  between  the  principal  places  at 
rates  including  collection  and  delivery,  and  traffic  carried  at  such  rates 
is,  as  a  rule,  delivered  at  consignee's  store,  warehouse  or  dwelling  from 
stations  where  the  company  has  a  cartage  staff.  Heavy  traffic,  such  as 
grain,  timber,  iron,  stone,  &c. ,  is  usually  carried  at  * '  station  to  station 
rates  " — that  is,  rates  not  including  the  cost  of  collection  or  delivery,  the 
collection  being  done  by  senders  or  at  their  cost,  and  delivery  by  con- 
signees. 

2d.  Goods  are  generally  delivered  on  the  day  of  arrival,  if  there  is 
time  to  execute  the  delivery  within  business  hours;  if  not  time,  on  the 
following  morning, 

3d  and  4th.  The  charge  for  delivery  in  the  case  of  all  but  heavy  traffic 
is,  as  a  rule,  included  in  the  rate  for  transportation  within  a  reasonable 
distance  of  the  station.  If  beyond  that,  say  two  or  more  miles,  a  further 
special  charge  for  extra  cartage  would  be  made. 

,  5th.  The  horses,  drays,  wagons  and  other  plant  used  in  delivery  of 
traffic  carried  at  rates  including  that  service  are,  as  a  rule,  owned  by  the 
railway  companies,  but  at  many  of  the  principal  places  there  are  parties 
who  contract  with  the  railway  companies  to  perform  the  delivery  within 
the  ordinary  cartage  limits  and  at  a  given  rate  per  ton,  payable  by  the 
company. 

6th.  The  above  remarks  and  those  in  No.  7  apply  to  the  United  King- 
dom generally. 
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7th.  Goods  for  shipment — that  is,  for  conveyance  by  railway — are 
dealt  with  in  the  same  way  as  delivered  goods,  reversing  the  action,  of 
course. 

North-Eastekn  Railway.  — NEwcASTiiE-ON-TYNE. 

1st.  At  Newcastle  it  is  the  practice  to  tender  at  the  door  of  con- 
signees' warehouses,  dwellings,  or  stores  all  general  merchandise  im- 
mediately after  arrival  of  the  goods,  certainly  during  the  same  day,  and 
on  such  goods  our  charge  for  cartage,  about  2s.  per  ton,  is  calculated  in 
the  rate  charged  for  transportation,  the  horses,  drays  and  other  plant 
used  being  the  property  of  the  railway  company.  The  same  system  re- 
mains generally  in  all  the  large  towns  of  the  Kingdom. 

Goods  sent  out  by  rail  are  collected  from  the  doors  of  consignees* 
stores,  and  otherwise  treated  in  the  same  fashion  as  goods  received  by 
Tail. 

Heavy  goods,  what  we  call  station  to  station  traffic,  such  as  grain, 
iimber,  stones,  pig  iron,  &c.,  are  carried  at  low  rates,  which  do  not  in- 
clude collection  and  delivery,  the  traffic  being  put  into  trucks,  or  taken 
out  of  them  and  carted  away,  as  the  case  may  be,  by  the  owners  them- 
selves in  their  own  carts  ;  unless  they  make  special  contracts  for  collec- 
tion and  delivery  with  us,  when  Ave  charge  a  rate  in  accordance  with  the 
nature  of  the  traffic  and  the  distance  it  is  carted. 

London,  Brighton  and  South  Coast  Railway. 

1st.  In  London  the  railway  companies  deliver  goods  at  consignee's 
door  unless  ordered  to  the  contrary.  This  does  not,  of  course,  apply  to 
rough  traffic  carried,  in  mineral  or  special  classes,  in  full  truck  loads. 

2d.  Delivery  of  market  goods  is  usually  completed  by  10  o'clock  a. 
M.,  the  first  deliveries  often  taking  place  between  4  o'clock  and  5  o'clock 
A.  M.,  of  goods  arriving  by  train  same  morning.  Delivery  of  general 
merchandise  distributed  over  London  is  generally  effected  during  the 
forenoon,  and  in  outlying  districts  by  4  o'clock  or  5  o'clock  p.  m. 

3d  and  4th.  With  all  the  northern  railways  collection  and  delivery 
charges  are  included  in  the  carriage;  the  rates  of  the  southern  lines  be- 
ing, however,  station  to  station  only,  an  extra  charge  is  made  for  collec- 
tion or  delivery  service,  varying  from  about  2s.  to  10s.  per  ton,  accord- 
ing to  distance  and  class  of  goods.  * 
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5th.  In  London  all  the  railway  companies  as  a  rule  own  the  horses  and 
vehicles  employed  for  delivering  goods,  but  there  are  one  or  two  excep- 
tions where  the  work  is  done  by  contract.  Nearly  all  companies,  how- 
ever, employ  agents  for  surplus  work  ;  the  teams  of  such  agents  being 
treated  as  practically  part  of  the  company's  own  plant. 

In  the  country  the  railways  perform  their  own  cartage  at  all  places 
where  the  traffic  is  sufficient  to  maintain  the  necessary  vehicles.  When 
not  sufficient,  local  carmen  are  appointed  agents. 

6th.  In  all  cities  and  large  towns  of  the  United  Kingdom  the  system 
is  practically  the  same  as  in  London. 

7th.  The  railway  companies  collect  traffic  by  the  same  agencies.  The 
system  is  to  act  upon  standing  orders  of  merchants  to  call  for  goods,  or 
to  execute  orders  as  received  by  post.  Moreover,  a  system  of  receiving 
offices  spread  throughout  London  to  which  the  public  take  their  goods, 
and  at  which  the  railway  companies'  carts  call  to  collect.  Of  course, 
many  large  firms  prefer  to  employ  their  own  horses  for  delivery  of  goods 
at  railway  stations,  and  to  claim  a  rebate  from  those  companies  whose 
rates  include  the  service,  collection  and  delivery.  Further,  there  is  the 
competition  of  innumerable  private  carmen  who  obtain  cartage  work 
from  the  merchants  by  solicitation. 

Midland   Railway. — (From  another  source.) 

1st,  3d  and  4th.  Railway  companies  universally  deliver  at  consignees' 
premises  in  London  and  other  towns.  This  is  done  without  charge,  as 
the  traffic  is  conveyed  at  what  is  called  "  collected  and  delivered  rates," 
that  is,  a  rate  including  collection  of  goods  from  the  sender's  premises, 
the  conveyance  by  rail  and  delivery  at  consignee's  premises.  This  is 
also  called  carted  traffic.  Other  traffic  is  called  not  carted,  or  station  to 
station  traffic,  such  as  grain,  which  is  brought  in  by  the  farmer  and 
taken  away  by  the  miller,  is  charged  for  at  a  different  rate,  which  is 
simply  for  carriage  by  rail,  and  does  not  include  collection  or  delivery. 
In  case  the  railway  company  does  the  carting  at  either  end,  an  extra 
charge  is  made  of  from  Is.  to  2s.  per  ton,  but  this  again  largely  depends 
upon  the  quantity  to  be  carted  and  the  distance  it  is  hauled. 

The  rate  for  the  carted  traffic  mentioned  above  only  includes  delivery 
within  certain  limits,  which  vary  for  different  places. 

London  is,  of  course,  exceptional.  In  other  towns  the  limit  is  1|^  to 
2  miles,  but  this  again  depends  upon  circumstances.     If  a  town  is  served 
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by  more  than  one  railway  company  competition  extends  the  distance . 
For  instance,  a  company  having  a  station  at  one  end  of  a  town  and  a 
limit  of  li  miles,  is  compelled  to  increase  this  in  one  direction  to  2^ 
miles,  if  another  company  has  a  station  a  mile  away  at  the  other  end  of 
the  town. 

2d.  The  greater  part  of  the  goods  are  delivered  by  noon.  Perishable 
articles  first  and  merchandise  and  general  goods  next. 

5th.  All  the  larger  companies  have  a  staff  of  horses,  men  and  drays 
of  their  own.  The  Midland  Company  possess  at  least  1  700  horses  in 
London  alone,  but  all  have  contractors  for  carting  as  well,  the  London 
and  North- Western  and  the  Great  Western  being  the  largest  employers 
in  this  "way. 

6th.  Yes. 

7th.  The  rule  is  that  goods  are  collected  from  consignors'  premises 
by  the  railway  companies  or  their  agents. 

Notes  as  to  Conveyance  and  Casting  of    Goods. — By  Mr.    Geo.    A. 

GUTCH. 

All  goods  conveyed  in  this  country  are  comprised  under  two  broad 
classifications,  viz.  : 

(1.)  "Station  to  Station  "  traffic,  or  S.  to  S.  ;  and 

(2.)   "  Collected  and  Delivered  "  traffic,  or  C.  and  D. 

Under  which  of  these  heads  any  class  of  goods  is  rated  is  settled  by 
the  railway  companies,  who  have  fixed  that  certain  goods  are  conveyed 
by  S.  to  S.  rates  only,  and  the  rest  by  C.  and  D.  only,  with  occasional 
exceptions  fixed  by  the  companies. 

1st.  S.  to  S.  Traffic. — This  is  divided  into  two  classes,  viz.  : 

*'  Mineral  "  and  *'  Special,"  each  having  its  own  rate,  which  includes 
conveyance  by  rail  only. 

"Mineral "  is  carried  in  quantities  of  not  less  than  4  tons. 

The  "Special  "  class,  consisting  of  heavy  goods  or  merchandise,  such 
as  grain,  timber,  stone,  &c,,  is  carried  in  quantities  of  not  less  than  2 
tons.  If  not  2  tons,  the  goods  are  chargeable  at  first-class  C.  and  D. 
rates,  or  as  for  2  tons  at  the  special  class  rate .  The  rates  are  fixed  and 
are  arranged  by  the  goods  manager  in  relation  to  the  value  and  quantity 
of  the  goods,  and  the  amount  of  competition. 

2d.  C.  and  D.  Traffic. — With  this  traffic  there  is  no  restriction  as  to 
weight,  but  a  large  amount  of  single  lot  consignments  are  under  2  tons . 


245 

As  the  name  implies,  the  rate  includes  the  collection  of  the  goods  from 
the  sender,  the  conveyance  by  rail,  and  delivery  to  the  consignee,  within 
■certain  limits.  All  goods  under  this  head  are  divided  by  the  principal 
railway  companies  into  five  classes,  each  having  a  fixed  rate,  which,  again, 
is  subject  to  exceptions  under  certain  circumstances.  These  exceptions 
are  sometimes  very  important.  For  instance,  although  all  goods  come 
under  either  S.  to  S.  or  C.  and  D.  traffic,  yet  what  may  be  carried  C. 
and  D.  to  one  place,  say  London  to  Sheffield,  might  be  sent  S.  to  S.  to 
•another  place,  say,  London  to  Manchester  ;  the  latter  being  an  import- 
ant centre  to  which  all  railways  run,  it  has  resulted  from  the  competition 
that  exceptions  are  made  in  respect  of  certain  goods,  and  all  the  com- 
panies agree  to  change  to  the  cheaper  rate. 

Speaking  broadly,  the  S.  to  S.  rates  are  always  less  per  ton  than  the 

C.  and  D.  rates,  as  they  are  intended  only  for  heavy  goods  ;  but,  on  the 

•other  hand,  the  full  amount  of  2  tons  is  always  charged.     If  the  S.  to  S. 

rate  is  20s.  per  ton,  then  the  carriage  of  1  ton  by  rail  would  cost  40s. 

and  the  cartage  in  addition  ;  whereas  the  C.  and  D.  rate  may  be  25s.  or 

-30s.  a  ton  ;  one  ton  would  only  cost  that  amount. 

As  to  the  delivery  of  goods,  the  railway  companies  in  London,  or 
their  agents,  will  gladly  perform  all  the  carting,  that  is,  they,  will  collect 
and  deliver  the  S.  to  S.  as  well  as  the  C.  and  D.  traffic.  The  difference 
•in  these  two  classifications  is  not  so  much  one  of  carting  as  of  rates  for 
he  .vy  and  light  goods.  If  the  goods  are  C.  and  D.  the  railway  com- 
pany will  collect  them  from  the  sender's  premises  and  deliver  them  as 
consigned.  If  consigned  to  their  destination,  the  railway  company  will 
deliver  them  to  the  consignee  without  advising  him  of  their  arrival. 
'Should  the  sender  prefer  to  do  his  own  carting  a  rebate  is  allowed,  and 
-should  the  goods  be  consigned  to  "await  orders"  the  consignee  is 
advised  by  the  railway  company  of  their  arrival,  and  he  will  then  either 
send  his  own  team,  in  which  case  a  rebate  is  also  allowed,  or  he  will 
order  the  railway  company  to  forward  his  goods. 

If  the  goods  are  under  the  S.  to  S.  class  the  railway  company  will 
also,  if  required,  collect  them  from  the  sender,  but  they  do  not  attempt 
to  deliver  them  to  the  consignee  without  instructions.  He  is  advised  by 
the  company,  and  he  may  send  his  own  team  or  tell  the  comj^any  to  do 
the  work. 

Practically,  it  may  be  said  that  almost  the  whole  of  the  C.  and  D. 
traffic  is  carted  at  both  ends  by  the  railway  companies  or  their  agents. 
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but  less  than  10  per  cent,  of  the  S.  to  S.  traffic  is  so  carted,  since  most 
large  merchants  keep  their  own  teams. 

Mineral  traffic  is  always  led  by  coal  merchants. 

As  to  the  limits  of  the  free  district  and  the  scale  of  charges  for  the 
collection  and  delivery  of  goods  in  London,  the  five  large  companies  on 
the  north  of  the  Thames,  through  whom  the  great  bulk  of  the  goods  are 
conveyed  to  London,  at  a  Metropolitan  Conference  held  at  the  Clearing 
House,  agreed  upon  a  boundary  which,  roughly  speaking,  includes  the 
whole  of  London  to  the  north  of  the  Thames  and  a  portion  of  the  south 
comprised  in  the  bend  of  the  river  from  about  Vanxhall  Bridge  to  the 
pool  opposite  St.  Catherine's  Docks.  This  district  is,  roughly,  about  8^ 
miles  long  by  4  miles  broad. 

These  five  companies,  viz.,  the  Great  Eastern,  Great  Northern,  Great 
Western,  London  and  Northwestern,  and  Midland,  collect  and  deliver 
goods  at  the  C.  and  D.  rates  within  the  above  limits  free.  Outside 
this  boundary  the  rates  increase  in  the  following  proportions: 

1  mile  beyond  boundary,  Is.  8d.  per  ton. 

2  "  *'  J'  2s.  6d.     " 

4  "  "  "  6s.  "       '* 

5  '*  "  "  8s.  4d.     "       " 

N.  B. — Heavy  goods  and  furniture  are  charged  at  double  these  rates. 

The  rebate  allowed  by  the  railway  companies  when  the  C.  and  D. 
traffic  is  not  performed  by  them,  is  3s.  4d.  per  ton  at  the  principal  termi- 
nal depots  in  London,  and  Is.  8d.  at  the  city  depots. 

As  to  the  rates  for  carting  S.  to  S.  traffic  in  London,  circumstances 
have  compelled  that  there  shall  be  three  diff'erent  rates  within  the  above 
boundary,  according  to  the  district.  Three  of  the  five  companies  lie 
close  together  to  the  north,  while  one,  the  Great  Western  Rail- 
way is  in  the  west,  and  another,  the  Great  Eastern,  is  in  the  east 
The  neighborhood  of  the  two  last  is  each  formed  into  a  small  district 
within  the  main  boundary,  and  having  one  side  touching  the  western 
and  eastern  boundary  respectively.  These  two  sub-districts  amount  to 
about  one-fifth  or  one-sixth  of  the  area  within  the  whole  boundary. 

The  standard  rates  then  observed  by  the  five  large  companies  for 
carting  S.  to  S.  traffic  are  : 

In  the  Great  Eastern  Railway  district  3s.  per  ton. 
"     "     General  "        4s.    ''      " 

"     "     Great  Western         "  "       5s.     '^      '^ 
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Beyond  the  boundary  the  increase  in  the  rates  per  mile  is  as  given 
before,  and  this  is  added  to  the  3s.,  4s.  or  5s.  rates,  as  the  case  may  be, 
depending  upon  the  quarter. 

The  bulk  of  the  cartage  in  London  may  be  said  to  be  at  4s.  per  ton. 

In  effect,  the  general  system  all  over  the  country  is  the  same.  In 
London,  however,  the  area  of  the  free  delivery  is  larger  and  the  rates 
for  cartage  higher  than  elsewhere.  In  the  country  districts  the  area  of 
collection  and  delivery  may  be  taken  as  including  the  whole  town  and 
the  suburbs,  and  should  it  be  served  by  more  than  one  railway  com- 
pany, they  come  to  an  arrangement  each  to  deliver  at  the  same  rates 
over  the  same  distances. 

The  rate  for  carting  S.  to  S.  traffic  in  the  country  varies  from  Is.  to 
2s.  per  ton,  but  it  depends  upon  the  distance,  quantity  and  nature  of  the 
goods  ;  and  the  rebate  allowed  in  the  country  for  C.  and  D.  traffic  not 
performed  by  the  railway  company  is  Is.  for  competitive  and  Is.  6d.  for 
non-competitive  places. 

It  is  largely  the  custom  with  many  of  the  companies  to  keep  their 
own  carting  establishments,  but  at  the  same  time  to  employ  carting 
agents  as  well,  to  assist  when  wanted,  and  who  contract  to  do  the  work 
at  so  much  per  ton. 

The  London  and  Northwestern  company  does  comparatively  little 
carting  with  its  own  horses  and  drays,  but  they  contract  with  Pickford 
&  Co. ,  and  so  far  as  the  customer  is  concerned,  this  comes  to  the  same 
thing. 

At  Liverpool,  Manchester  and  other  large  places,  competition  results 
in  the  bulk  of  the  carting  being  done  by  contractors. 

But  in  most  other  places  the  rule  is  for  the  companies  to  keep  their 
own  stock  if  the  traffic  warrants  it. 
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[Form  1. 1 
APPENDIX  F. 

Car  Service  Account — Union  Pacific  Railroad  Company. 

Report  of  Cars  on  our  line  on  Sunday,  June  3d,  1883,  belonging  or  to  be 
accounted  for  to  the  Pennsylvania  Railroad  Company. 


Initials. 

Numbers. 

Tonnage 
Capacity. 

Initials. 

Numbers. 

Tonnage 
Capacity. 

P.  R.K. 

6,720 

20 

P.  R.  R. 

2,340 

20 

4,320 

12 

3,024 

15 

400 

10 

2,304 

12 

5,220 

15 

860 

20 

3,600 

20 

1,520 

10 

2,720 

15 

2,510 

20 

7,620 

15 

942 

20 

2,225 

12 

470 

15 

790 

20 

3,220 

15 

846 

12 

9,620 

20 

1,900 

15 

7,260 

20 

1.320 

12 

3,441 

20 

TOTAL— 24  Cars,  385  Tons. 
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[FOKM   2.  J 

APPENDIX  F. 

Car  Service  Account — Union  Pacific  Railroad  Company. 

Report  of  Gars  to  be  accounted  for  on  Sunday,  June  3d,  1883,  to  the- 
Pennsylvania  Railroad^Company. 


This  Company  had  on  its  lines  on  Sunday,  June  3d,  1883,  as  per  de- 
tailed report  herewith,  cars  belonging  to  the  Pennsylvania  Railroad 
Company,  24;  tonnage  capacity,  385  ;  which  will  be  reported  through 
the  following  companies  : 

Chicago,  Burlington  &  Quincy  R.  R.  Co. 
Pennsylvania  Company. 


(Signed) 

Auditor  or  Accountants 
To  the 

Pennsylvania  Railroad  Company. 
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[Form  3.  J 

APPENDIX  F. 

Car  Service  Account — Union  Pacific  Railroad  Company. 

Report  of  Pennsylvania  Railroad  Company  cars  on  its  lines  Sunday, 
June  3,  1883,  as  per  detailed  report.  Cars,  24;  tonnage  capacity,  385; 
which  the  Chicago,  Burlington  and  Quincy  Railroad  Comi^any  is  hereby 
authorized  to  charge  this  company,  and  to  rej^ort  the  same  through  the 
Pennsylvania  Company. 


(Signed)         

Auditor  or  Accountant. 

To  the 

Chicago,  Burlington  and  Quincy  Railroad  Company. 
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[FOEM  4.1 

APPENDIX  F. 

Car  Service  Account. 

The  Pennsylvania  Railroad  Company  charges  The  Pennsylvania 
Company  :  For  Cars  of  this  Company  on  your  lines,  and  reported 
through  you  by  your  connecting  lines  as  follows  : 


Repokted  by 

No.  Cars. 

Tons  Capacity. 

Pennsylvania  Company 

Chicago,  Burlington  and  Qiiincy 

Union   Pacific 

_ 

Central  Pacific 

&c. ,  &c 

Total 

Note. — Forms  1  to  4  are  to  be  used  only  in  starting  the  Car  Service  Account.     The  forma 
No.  5  and  6  will  be  used  in  reporting  and  settling  the  current  accounts. 
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[Form  5.] 
APPENDIX  F. 

Car  Service  Report — Pennsylvania  Railroad  Company. 

Report  of  Cars  exchanged,  at  Pittsburgh  Station,  with  the  Pennsyl- 
vania Company  on  day  188 


Received  from  Pennsylvania  Company. 

! 

Delivered  to  Pennsylvania  Company. 

Initials. 

Car  Numbers. 

Tons  Capacitj'. 

Initials. 

Car  Numbers. 

Tons  Capacity. 

• 

(Signed) 


Agent  Pen im.  R.  R.  Co. 


Agent  Penna.  Co. 

This  report  is  made  in  quadruplicate;  one  copy  is  kept  by  each  agent, 
and  one  copy  is  sent  to  the  accounting  officer  of  each  line.  Separate 
blanks  may  be  used,  if  preferred,  for  cars  delivered  by  each  company  to 
the  other.  All  cars  delivered  during  the  day  may  be  entered  indiscrimi- 
nately, regardless  of  ownership. 

For  Form  6,  see  example  given  in  paper. 
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AN   ACCIDENT   TO    STEAM    PIPES   ARISING   FROM 
THE  USE  OF  BLAST  FURNACE  WOOL. 


By  T.  Egleston,  Ph.  D.,  M.  Am.  Soc.  C.  E. 


Read   at   the   Annual    Convention    of   the    Society,    held   at   St. 
Paul  and  Minneapolis,  Minn.,  June  19th,  1883. 


WITH  DISCUSSION 
By  Chaeles  E.  Emery,  M.  Am.  Soc.  C.  E. 


At  the  Hartford  meetmg  of  the  Society  of  Mechanical  Engineers, 
Mr.  C.  E.  Emery,  M.  Am.  Soc.  C.  E.,  of  New  York,  read  a  paper  on 
Experiments  with  Non-Conductors  of  Heat.*  The  results  of  his  in- 
vestigations with  various  non-conductors  show  such  a  remarkable  power 
of  retaining  heat  in  blast  furnace  wool,  that  this  substance  has  since 
that  time  been  very  largely  employed  for  this  purpose.  This  is  owing  to 
the  long  fibrous  condition  of  the  material,  which  mats  together  into  an 
exceedingly  light  structure  capable  of  retaining  so  much  air  that,  while 
itself  a  good  conductor  of  heat,  it  becomes  eminently  a  bad  one  from  the 

*  Transactions  of  the  Society  of  Mechanical  Engineers,  Vol.  IL,  p.  34. 
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very  large  volume  of  air  contained  in  it.  An  explosion  wliicli  happened 
a,t  Columbia  College  has  drawn  attention  to  this  subject.  A  paper  was 
read  by  Prof.  F.  R.  Hutton,  of  the  School  of  Mines,  ■^'  calling  attention 
to  this  accident.  As  it  might  have  been  a  serious  one,  and  as  a  similar 
accident  is  likely  to  happen  in  almost  any  place  where  this  substance 
is  used  around  steam  pipes,  I  have  thought  it  worth  while  to  give  to 
the  Society  a  resume  of  the  investigations  which  I  made  as  to  its  cause 
for  that  paper,  and  some  additional  ones  which  I  have  since  made,  for 
the  purpose  of  calling  the  attention  of  this  Society  to  a  series  of  im- 
portant facts  in  relation  to  the  use  of  this  substance. 

The  buildings  of  Columbia  College  are  heated  by  steam  pipes  which 
are  encased  in  zinc,  the  interval  between  the  pipe  and  the  zinc  outside 
being  filled  with  the  blast  furnace  wool,  packed  into  the  casing.  Two 
pipes  situated  in  different  positions  burst.  One  was  5  inches  in  diam- 
eter, and  carried  steam  at  a  pressure  of  40  pounds.  It  was  in  a 
sheathing,  with  two  others,  packed  with  the  mineral  wool.  These 
pipes  Avere  supported  on  hangers.  The  moisture  came  from  joints 
rendered  leaky  by  decomposition  of  the  rubber  packing,  and  from  the 
motion  caused  by  the  contraction  and  expansion  at  the  joint.  The 
sheathing  was  properly  packed.  The  first  effect  of  the  moisture  was 
to  cause  a  sagging  of  the  wool  to  the  lower  part  of  the  metal  sheathing, 
<3ausing  the  top  of  the  pipe  to  become  uncovered,  and  making  a  concen- 
tration of  the  moist  material  around  the  lower  part  of  the  pipe.  The 
threads  of  this  pipe  were  completely  obliterated.  The  other  pipe  was  2^ 
inches  in  diameter,  and  was  laid  in  a  brick  conduit  covered  with  flag- 
stones. This  conduit  was  open  at  both  ends,  and  any  moisture  should 
have  found  an  exit,  but  owing  to  the  sagging  of  the  mineral  wool  it  failed 
to  do  so,  but  settled  around  the  lower  part  of  the  pipe,  which  was  attacked 
by  it  until  it  became  so  thin  that  it  blew  out  in  about  the  middle  of  the 
pipe.  A  3-inch  pipe,  belonging  to  the  same  system,  laid  in  the  ground, 
without  any  covering  to  protect  it  from  the  earth,  which  was  dug  up 
about  the  same  time  after  having  been  buried  seven  and  a  half  years, 
was  found  to  be  perfectly  sound.  Both  of  these  small  pipes  have  been 
subjected  to  exactly  the  same  conditions,  as  far  as  the  steam  was  con- 
cerned. They  were  carrying  the  condensed  steam  back  to  the  boilers. 
Seeing  at  once  what  the  cause  of  the  accident  was,  I  made  a  careful  ex- 
amination of  the  conditions,  ascertaining  beyond  a  doubt  that  the  cause 


*  Transactions  of  the  Society  of  Mechanical  Engineers,  Vol.  III.,  p.  228. 
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of  the  corrosion  was  the  action  of  the  sulphuric  acid  set  free  from  the 

packing. 

The  mineral  wool  was  prepared  from  a  slag,  whose  analysis  is  given 

below : 

Water 1 .08 

Potash 0.19 

Soda 1 .  75 

Lime 26 .  56 

Magnesia 19.82 

Alumina 7.84 

Sesquioxide  of  Iron 0 .  64 

Sulphur 2.46 

Silica 38.97 


99.31 


Some  of  this  slag  was  soluble,  and  some  of  it  insoluble  in  water,  as  is 
shown  by  the  analysis  below: 

SOLUBLE.  INSOLUBLE. 

Water 1.08  Alumina 7.84 

Potash 0.19  Sesquioxide  of  Iron  0 .  64 

Soda 1.75  Silica 38.97 

Magnesia 0.12  Magnesia 19.70 

Lime 1.61  Lime 24 .  95 

Sulphur 0.23  Sulphur 2.23 


4.98  94.33 

There  was,  therefore,  a  certain  amount  of  acid  material  ready  to  act 
on  the  pipes  the  moment  sufficient  moisture  was  present  to  dissolve  it, 
which  was,  however,  quite  harmless  while  the  materials  were  dry. 

The  blast  furnace  slag  from  which  the  mineral  wool  is  made,  is  not  a 
material  of  constant  composition.  It  varies  with  the  different  kinds  of 
ore  and  fuel  used,  and  the  changes  in  the  working  of  the  furnace  from 
day  to  day,  the  conditions  rarely  being  exactly  the  same  for  any  great 
length  of  time.  The  addition  of  lime  in  considerable  quantities  to 
the  charge,  is  the  only  method  known  to  metallurgists  for  separating  the 
sulphur  introduced  with  the  ore  into  the  furnace,  for  which  purpose, 
when  sulphur  is  present  in  the  ore,  it  is  usual  to  make  the  furnace  carry 
as  large  a  burden  of  flux  as  is  possible.     When  the  ore  contains  no  sul- 
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phur  the  slag  will  contain  only  that  contained  in  the  flux  and  fuel; 
some  slags  contain  very  little  and  some  none,  and  such  should  always  be 
selected  for  the  manufacture  of  the  wool;  such  slags  are,  however,  rare 
and  are  seldom  produced  iii  localities  where  the  manufacture  of  the 
wool  would  be  profitable.  Independently  of  the  quantity  of  lime,  how- 
ever, all  the  blast  furnace  slags  have  certain  characteristics  in  which  they 
are  alike.  They  usually,  when  they  contain  silica  enough,  gelatinize  with 
acids.  When,  however,  they  are  very  basic,  they  fall  to  pieces  on  ex- 
posure to  the  air.  This  gelatinization  with  acids  not  only  takes  place 
with  the  ordinary  mineral  acids,  but  also  with  the  ordinary  organic 
acids.  Very  weak  solutions  of  oxalic,  tartaric,  citric  and  acetic  acids  effect 
the  decomposition,  and  it  is  likely  to  be  effected  in  acid  slags  by  any  of 
the  acids  or  alkalies  found  in  the  soil  when  there  is  any  drainage  passing 
through  it.  If  the  slag  is  very  basic,  any  water  will  decomj)ose  it. 
It  is  not  necessary,  however,  that  the  complete  decomposition  should 
*  take  place  in  order  to  set  the  sulphuric  acid  free.  The  mineral  wool  is 
in  such  a  very  fine  state  of  division  that,  coming  in  contact  with  moist- 
ure alone,  the  soluble  part  would  not  only  be  quickly  dissolved  out,  but 
a  commencement  of  decomposition  would  be  likely  to  take  place.  This 
is  shown  by  the  fact  that  blast  furnace  slag  in  a  granulated  condition  is 
used  in  France  and  Germany*  to  a  very  large  extent  for  sand  for  mortar. 
It  is  very  extensively  used  in  many  parts  of  Europe,  when  mixed  with 
a  small  quantity  of  lime  for  making  sun-dried  bricks,  which,  as  the 
bricks  are  large,  make  very  cheap  building  material,  which  in  a  very 
short  time  by  the  chemical  action  becomes  quite  hard,  and  as  they  are 
light  and  porous  are  both  better  and  cheaper  than  brick.  It  is  also, 
owing  to  the  peculiar  condition  of  the  silica,  extensively  used  in  some 
parts  of  Germany  for  the  manufacture  of  Portland  cement,  and  in  many 
parts  of  Europe  very  largely  as  a  fertilizer,  for  all  of  which  purposes 
the  property  of  decomposing  and  forming  a  new  chemical  compound 
when  exposed  to  the  air  and  moisture  is  relied  on.  In  every  case,  the 
decomposition  which  is  effected  to  make  another  chemical  union,  as  in 
the  case  of  mortar,  sand,  bricks  and  cement,  or  for  the  purpose  of  per- 
mitting the  easy  absorption  of  some  of  its  constituents  into  the  sap  of 
plants,  as  in  the  case  of  its  use  as  a  fertilizer,  sets  the  sulphur  which  it 
contains  free  to  act  on  whatever  it  finds  to  act  upon,  which,  in  this  case, 
was  the  iron.     The  analyses  given  below,  made  in  my  laboratory  and 

*  Trans.  Amer.  Inet.  Mining  EDgineers,  Vol.  I.,  p.  212. 
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taken  at  random  from  my  note-book,  show  that  sulphur  is  contained  in 
all  slags,  and  although  the  slag  wool,  which  caused  the  accident,  con- 
tained more  than  most  of  those  cited,  as  they  are  from  furnaces  whose 
ores  contain  but  little  sulphur,  the  accident  is  likely  to  happen  wherever 
the  slag  wool  is  used: 


Silica 

Aliimiua 

Lime 

Magnesia 

Sesqi^ioxicle  of  iron 

"  manganese 

Phosphoric  acid 

Sulphur I     1.332 


No.  1. 


37.000 

15.535 

40.265 

3.790 

0.156 

0.004 


No.  2.      No.  3. 


98.082 


35.50 
8.45 

47.92' 
1.62 
3.02 
1.91 
0.15 
1.10 


99.67 


38.52 

8.92 

47.43 

1.73 

1.16 

0.634 

0.105 

1.086 


No.  4.      No.  5. 


38.92 
9.96 

45.85 
1.32 
2.38 
1.05 


1.02 


40.20 
10.08 
44.89 
1.74 
1.15 
0.77 
0.03 
1.04 


99.585      100.50  1  100.90 


No.  6. 
38.62 

No.  7. 

35.50 

9.89 

8.45 

i     40.21 

47.92 

3.79 

1.62 

1.22 

3.02 

0.72 

1.91  : 

0.18 

0.15 

3.07 

1.10 

1 

97.70 

99.67  1 

No.  8. 

38.52 

8.92 

47.43 

1.73 

1.16 

0.634 

0.105 

1.086 

99.585 


No.  1,  Fletcher  Furnace,  Bufifalo,  N.  Y. 

No.  2,  3,  Ferrol,  Va. 

Nos.  4,  5,  6,  7,  8,  Quinnemont,  W.  Va. 

That  the  sulphur  is  set  free  and  does  act  is  shown  by  the  analysis  of 

the  scale  removed  from  the  pipes  at  the  point  where  they  gave  way, 

which  could  be  easily  detached  with  the  nail  in  pieces  of  considerable 

size. 

Analysis  of  the  Scale. 

Lime 3.09  Silica 2.46 

Magnesia 1 .07  Water 4.38 

Protoxide  of  iron 3 .  98  Sulphuric  acid 3 .  75 

Sesquioxide  of  iron 81.51                                               — :; —     100 .  24 

This  analysis  shows  a  considerable  quantity  of  sulphuric  acid  still 
remaining  in  the  scale,  although  it  had  been  exposed  for  some  time  to 
the  air  and  moisture  before  it  was  brought  to  me  to  be  examined,  under 
which  conditions  the  iron  would  generally  be  thrown  down  in  the  shape 
of  sesquioxide  while  the  sulphuric  acid  would  be  liberated  and  dissolved 
out. 

There  is  likely  to  be  a  considerable  amount  of  variation  in  the  tem- 
perature around  pipes  in  ordinary  manufactories,  except  where  they  run 


258 


night  and  day,  and  there  will  be  always  a  probability  of  having  moisture 
come  into  contact  with  the  slag,  which  may  come  either  from  the  con- 
densation from  the  occasional  lowering  of  temperature,  or  from  leakages 
of  the  pipes,  or  from  snow  or  rain.  When  the  pipes  are  suspended  in 
the  air  they  are  subject  to  the  influence  of  these  kinds  of  moisture  alone. 
When,  however,  they  are  buried  in  the  soil,  they  are  affected  not  only 
by  these,  but  by  many  substances  that  may  be  dissolved  by  the  water 
which  percolates  through  the  earth  in  which  the  pipes  are  buried.  It 
is  a  well-known  fact  that  healthy  earth,  not '  subject  to  any  drainage, 
contains  a  certain  amount  of  both  alkaline  and  acid  materials,  and  that 
this  is  sufficient  in  many  cases  to  cause  decomposition  even  in  the 
rocks  lying  in  contact  with  them.  In  order  to  ascertain  exactly  what  the 
effect  of  drainage  waters  would  be  likely  to  be,  I  made  the  following 
series  of  experiments.  A  portion  of  the  slag  was  added  to  solutions  of 
citric,  acetic,  tartaric  and  oxalic  acids,  each  solution  being  just  strong 
enough  to  give  a  decided  red  reaction  with  litmus  paper,  and  left  for  an 
hour.  At  the  end  of  that  time  each  solution  showed  the  silica  in  a  gela- 
tinous condition,  and  the  sulphur,  therefore,  disengaged  and  ready  to 
attack  any  substance  with  which  it  came  in  contact.  One  gramme  of 
the  material  was  then  taken  and  boiled  for  five  hours  in  100  cubic  centi- 
meters of  the  following  solutions,  with  the  following  results  : 


Reagents  Used. 

Residue. 

SULPHUK IN 
SOLUTION. 

Distilled  Water 

97.02 
97.69 
87.65 
85.58 
94.58 
84.56 
96.72 
96  22 
97.72 
99.06 

0  23 

Croton         ' 

( 

0  40 

'     witl 

(       (( 

(       (< 
(       ( ( 
<       ( ( 

(       (( 

1  Tartaric  Acid 

Citric         "     

0.52 
0  39 

Oxalic        "     

0  45 

Acetic         "     

0.39 

one  per  cent.  Salt 

0  50 

Carbonate  of  Ammonia 

0  41 

"    Potash 

"   Soda 

0.64 
0  o6 

259 

These  solutions  were  rendered  so  slightly  alkaline  or  so  slightly  acid 
that  they  would  just  affect  litmus  paper.  It  appears  from  this  that  while 
distilled  water  dissolved  only  a  very  small  amount  of  the  sulphur  pres- 
ent, nearly  every  one  of  the  other  reagents,  although  they  were  so  very 
dilute,  caused  more  than  double  the  amount  of  the  sulphur  in  t]ie  slag 
to  go  into  solution,  than  with  pure  water,  and  that  this,  while  it  was  at  a 
minimum  with  the  acids,  rose  to  a  maximum  with  the  alkalies  ;  so  that  in 
the  case  of  those  salts  most  likely  to  be  found  in  the  soil,  the  amount  of 
sulphur  dissolved  was,  in  the  case  of  the  potash  salt,  more  than  three 
times  the  amount  dissolved  by  pure  water,  and  that  the  alkalies  were 
generally  more  powerful  than  the  acids.  In  making  these  experiments 
every  effort  was  made  to  find  an  alkaline  or  an  acid  solution  so  weak  as. 
not  to  cause  a  decomposition  of  the  wool  without  the  aid  of  heat.  This,. 
however,  was  found  to  be  quite  impossible,  for  although  a  considerable- 
portion  of  the  slag  remained  unattacked,  some  of  the  silica  was  always- 
gelatinized  and  could  be  distinctly  seen  in  that  condition.  As  salt  is  one^ 
of  the  constant  constituents  of  drainage  waters,  and  as  both  the  alkaline 
and  the  acid  materials,  more  especially  salt,  are  likely  to  be  found  in  the 
waters  draining  through  the  soil  of  cities,  these  results  are  extremely  in- 
teresting as  showing  the  ease  with  which  this  substance  may  be  attacked. 

In  order  to  ascertain  whether  sulphur  was  likely  to  be  separated  from 
the  slag  under  ordinary  conditions,  a  given  weight  of  the  wool  was 
heated  to  below  dull  red  in  a  tube,  and  over  this  a  current  of  dry  hot 
air  was  rapidly  passed  for  some  time.  No  separation  of  the  sulphur 
took  place,  and  none  was  given  off,  showing  that  this  substance  is 
quite  safe  so  long  as  the  material  is  kept  dry.  The  wool  was  then 
heated  in  a  tube  as  before,  and  cold  air,  which  had  been  aspirated 
through  a  considerable  depth  of  water,  was  passed  over  it,  but  no  de- 
composition of  the  slag  and  no  separation  of  sulphur  took  place,  showing 
that  slightly  moist  air  is  not  dangerous.  It  was  intended  to  have  made  the 
experiment  of  passing  steam  over  the  wool,  but  before  apparatus  for  doing 
it  could  be  got  ready  the  fires  in  the  boilers  of  the  steam-heating 
apparatus  were  shut  down,  and  this  experiment  was  not  made.  It  is, 
however,  of  less  importance,  as  it  is  certain  from  the  corrosion,  which 
caused  the  explosion,  that  the  slag  wool  would  have  been  decomposed . 

The  slag  transformed  into  wool  does  not  differ  in  any  respect  from 
the  slag  in  a  solid  condition,  except  from  the  fact  that  its  fibres  become 
interwoven.     It  occupies,  when  not  compressed,  a  maximum  volume  for 
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a  minimum  weight  of  the  slag,  and  thus  retains  a  very  large  quantity  of 
air  ;  and  this  is  its  only  value .  It  is  the  air  and  not  the  slag  which  is 
required.  The  only  value  of  the  slag  is  its  capability  of  holding  this  air 
when  it  is  not  compressed.  When  it  is  compressed  it  has  very  little 
more  value  than  the  slag  in  its  solid  form.  This  compression  may  be 
caused  by  the  sagging  of  the  pipes  on  it  when  only  the  envelope  and  not 
the  pipe  is  supported,  or  by  its  becoming  soaked  with  water  when  it 
mats  together,  and  water  takes  the  place  of  the  air,  when  it  ceases  to  be 
a  non-conductor  of  any  value.  Its  great  value  is  in  its  very  fine  fibres  ; 
but  it  is  precisely  this  quality  of  fine  division  which  makes  it  most  dan- 
gerous, for  in  this  condition  it  is  most  easily  attacked  by  organic  acids, 
by  alkalies  or  by  moisture,  which  not  only  decompose  it,  but  render  the 
pipes,  as  in  this  case,  liable  to  attack.  Even  the  commencement  of  de- 
composition causes  it  to  sag  and  settle. 

It  would  seem,  therefore,  that  the  mineral  wool,  if  made  from  slags 
containing  sulphur,  is,  under  certain  conditions,  a  dangerous  material. 
In  one  of  the  cases  mentioned  the  moisture  undoubtedly  came  from 
defective  joints,  which  are  likely  to  belong  to  any  other  system.  In 
the  other  and  far  more  dangerous  one,  this  moisture  was  that  of 
condensation,  and  as  it  was  not  expected,  as  every  precaution  was  taken 
against  it,  it  is  by  far  the  most  dangerous  one,  as  it  would  not  be  looked 
for,  while  every  joint  would  from  time  to  time  be  visited.  In  any  system 
moisture  is  likely  to  come  from  rain  or  snow  leaking  through  the  envelope, 
where  the  pipes  are  exposed  above  ground  in  the  open  air,  or,  when  they 
are  below  ground,  from  drainage  water,  and,  in  both  cases,  from  condensa- 
tion, from  sudden  cooling  or  too  sudden  heating  of  the  pipes.  The  effects 
produced  are  likely  to  be  all  the  greater  in  intensity  as  the  pipes  are  hot- 
ter, as  this  facilitates  the  liberation  of  the  sulphuric  acid,  which  produces 
a  further  decomposition  of  the  slag  and  keeps  setting  free  new  portions  of 
acid  to  further  decompose  the  slag  and  to  attack  the  iron.  The  moment 
the  silica  commences  to  assume  the  gelatinous  condition  the  other  con- 
stituents of  the  slag  are  set  free  to  attack  the  pipes,  and  unless  the  leak- 
age is  found  and  stopped  an  accident  is  sure  to  happen.  It  seems, 
therefore,  a  wise  precaution,  when  this  substance  is  used,  to  use  it  only 
where  leakage  is  not  likely  to  occur  or  moisture  to  collect,  and  to  carry 
the  whole  system  above  ground,  under  cover  ;  or,  when  it  is  necessary  to 
carry  it  below  the  surface,  to  have  all  parts  of  it  easily  accessible,  so  that 
it  may  be  carefully  examined  from  time  to  time.     Beneath  the  ground, 
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where  it  cannot  be  examined,  it  becomes  a  real  element  of  danger,  which 
may  become  disastrous  without  warning,  since  the  decomposition  of  the 
slags  is  produced  by  organic  acids  as  well  as  by  moisture.  Kept  free 
from  moisture,  mixed  wool  is  one  of  the  best  and  one  of  the  cheapest 
materials  that  can  be  used  for  covering  steam  pipes.  To  use  it  success- 
fully it  must  not  become  packed,  for  then  it  loses  its  non- conductive 
power.  When  it  becomes  moist  it  packs,  and  if  this  moisture  and  pack- 
ing is  continuous  the  slag  becomes  attacked,  libei'ating  its  dangerous 
elements  to  act  on  and  weaken  the  pipes. 
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DISCUSSION. 

Charles  E.  Emery,  M.  Am.  Soc.  C.  E. — The  principal  facts  stated 
in  this  paper  were  last  year  presented  to  the  Society  of  Mechanical 
Engineers  by  Prof.  Hutton,  and  fully  discussed  by  the  members  of 
that  society.  Prof.  Hutton  gave  the  analysis  of  Prof.  Egleston,  who 
also  discussed  the  paper  at  that  time.  The  action  of  organic  acids  on 
mineral  wool,  incidentally  added  by  Prof.  Egleston  to  the  original  state- 
ment, has  no  bearing  on  the  accident ;  and  the  object  of  duplicating 
the  account  of  the  latter  must  be  that  he  desires  to  have  it  known  that 
he  considers  mineral  wool  a  particularly  dangerous  substance,  at  least 
under  certain  conditions.  Practical  men,  knowing  their  own  specialties 
well,  and  but  little  or  nothing  of  chemistry,  could,  however,  inform  the 
Professor  that,  under  the  conditions  named,  the  difficulties  would  occur 
sooner  or  later  with  any  kind  of  fibrous  or  porous  covering.  And  as 
this  fact  is  not  referred  to  in  the  paper,  it  becomes  practically  an  attack 
on  a  special  industry. 

The  New  York  Steam  Company,  with  which  I  am  connected  as 
engineer,  uses  mineral  wool  about  its  pipes,  and  the  original  statements 
of  Prof.  Hutton,  though  well  intended,  had  the  effect  of  an  attack  on 
our  company  in  the  hands  of  an  opposition  steam  company  then  existing, 
but  which  soon  suspended  operations—  its  representatives  advancing  the 
theory  that  our  pipes  would  soon  be  destroyed  by  corrosion.  Ere  long, 
however,  the  theories  of  our  opponents  were  at  a  discount ;  for  in  attempt- 
ing to  practically  carry  out  a  superheated  steam  theory,  attributed  by 
rumor  and  the  patent  records  to  the  military  branch  of  the  undertaking, 
the  honors  of  a  large  explosion  at  Hell  Gate  were  dissipated  in  a  series  of 
smaller  ones  in  the  streets  of  New  York  ,  and  as  the  New  York  Steam 
Company  felt  no  solicitude  in  the  use  of  mineral  wool,  it  was  not  thought 
necessary  to  reply  to  Prof.  Hutton's  paper. 

In  response  to  the  present  practical  repetition  of  Prof.  Hutton's  paper 
in  regard  to  the  explosions  at  Columbia  College,  it  is  sufficient  to  call  at- 
tention to  the  fact  that  on  account  of  a  defective  rubber  flange  packing  and 
lack  of  means  to  provide  for  expansion,  several  joints  of  the  pipe  leaked 
and  admitted  moisture  into  the  covering  material  to  such  an  extent  that 
it  sagged  down  with  the  additional  weight,  and  in  due  time  the  pipes 
were  found  to  be  corroded.  I  have  myself  seen  precisely  the  same 
phenomena  with  hair  felting,  sagging  and  corrosion  included;  and  in 
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practice  such  matters  are  attributed  to  the  leaks,  not  to  the  covering 
material,  as  corrosion  would  take  place  with  any  covering  material  such 
as  the  various  felts,  plaster  compositions  and  cements  used  for  covering 
pipes,  when  the  same  are  alternately  dried  and  moistened,  as  in  defective 
heating  apparatus.  Who  does  not  know  how  rapidly  iron  covered  with 
plaster  of  Paris  will  be  rusted  in  a  damp  place  ? 

The  principles  affecting  the  corrosion  of  iron  steam  pipes  and  boilers 
are  the  same  as  those  for  the  ordinary  corrosion  of  iron,  though  generally 
intensified  by  the  effects  of  temperature,  and  in  the  case  of  boilers  by 
impurities  in  the  fuel.  Wherever  a  collection  of  moisture  can  take 
place,  the  water  absorbs  carbonic  acid  from  the  air,  and  as  the  solution 
becomes  concentrated  by  evaporation,  the  acid  attacks  the  iron,  losing  a 
portion  of  its  oxygen  in  oxidizing  or  rusting  the  iron.  Other  acids  will 
do  the  same  thing,  but  all  the  phenomena  can  be  observed  in  kind,  if 
not  in  intensity,  from  the  action  of  the  carbonic  acid  of  the  atmosphere. 

Sulphur  in  coal  promotes  corrosion,  as  seen  on  the  overhead  bracing 
of  railroad  bridges  and  in  long,  damp  boiler  flues;  so  also  it  may  hasten 
corrosion  when  mineral  wool  is  exposed  to  moisture,  as  in  the  cases 
under  consideration,  but,  as  has  been  stated,  corrosion  would  take  place 
with  any  fibrous  or  porous  covering  material  under  the  same  conditions, 
and  in  places  where  it  would  not  be  safe  to  use  mineral  wool  it  would 
not  be  safe  to  use  any  other  unprotected  porous  material. 

The  New  York  Steam  Company  not  only  permits  no  leaks,  but  never 
permits  its  pipes  to  become  cool.  The  latter  is  the  important  safeguard ; 
for,  whatever  the  covering  may  be,  if  the  same  be  exposed  alternately  to 
heat  and  moisture  the  pipes  will  rust,  but  so  long  as  they  are  kept 
dry  this  cannot  happen.  The  conduits  in  which  our  pipes  are  laid  and 
surrounded  by  mineral  wool  are  of  brick  for  the  larger  pipes  and  wood 
for  the  smaller  ones.  The  brick-work  is  cemented  and  covered  even 
down  the  sides  with  tarred  paper.  The  wood  covering  is  thoroughly 
soaked  in  roofing  pitch,  and  the  joints  covered  with  tarred  paper,  and  in 
moist  soil  the  trenches  are  drained,  all  to  prevent  the  absorption  of 
moisture  ;  the  same  precautions  serving,  of  course,  also  to  keep  out  the 
organic  acids  mentioned  by  Prof.  Egleston. 

The  brick-work  at  Columbia  College  was  evidently  not  protected  as 
above  stated,  but  absorbed  moisture  from  the  soil  and  imparted  it  to  the 
mineral  wool,  and  the  whole  structure  would  remain  damp,  even  when 
the  earth  itself  was  dry,  which  explains  why  the   unprotected  pipe  cor- 
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Toded  less.  If  the  pipes  had  been  kept  either  hot  or  dry  continuously, 
as  in  our  system,  there  would  have  been  no  difficulty.  The  presence  of 
steam  about  iron  and  mineral  wool  will  not  produce  corrosion.  Two  short 
lines  of  the  New  York  Steam  Company  were  laid  with  stuffing  boxes 
before  the  regular  fittings  of  that  size  were  ready.  The  soft  packing 
soon  leaked  badly,  so  that  the  mineral  wool  in  the  conduit,  and  even  the 
surrounding  earth  for  some  distance,  was  filled  with  steam,  though  the 
same  in  some  places  condensed  and  formed  moisture  at  a  little  distance 
from  the  pipe.  These  mains  have  recently  been  rebuilt,  and  the  pipes 
fojnd  without  signs  of  rust,  and  in  apparently  as  good  condition  as  new, 
after  being  in  a  steam  bath  in  the  presence  of  mineral  wool  for  con- 
siderably over  a  year. 

There  is  little  danger,  as  claimed  by  Prof.  Egleston,  that  the 
wool  will  become  too  much  packed.  Its  efficacy  as  a  non-conductor,  as 
pointed  out  in  my  paper,  to  which  he  refers,  is  in  breaking  up  the  circu- 
lation of  the  air — entrapping  it  in  small  cells,  so  to  speak.  The  smaller 
the  cells  the  greater  the  resistance,  until  the  fibres  are  compressed 
sufficiently  to  bridge  the  cells  and  ofi'er  the  least  resistance.  Mineral 
wool  shoveled  over  and  over,  so  as  to  be  broken  up  fine,  is  still  a  good 
non-conductor  when  dry. 

Wet  mineral  wool  does  not  lose  its  fibre  readily.  Bags  which  in  store 
had  become  wet  were  thrown  in  a  vacant  lot,  and,  upon  being  examined 
by  me,  after  several  years'  exposure  to  storm,  frost  and  sunshine,  the' 
fibres  were  found  perfect  a  little  below  the  surface,  and  a  felted  crust  had 
formed  at  the  top,  which  prevented  destruction  below.  In  some  of  our 
manholes  which  were  covered  improperly,  water  fell  on  the  mineral  wool 
and  felted  and  matted  the  upper  surface,  so  as  to  form  a  crust  which 
actually  became  water-tight.  In  one  case  a  defective  Croton  service 
played  water  on  the  mineral  wool  probably  for  several  weeks,  when  such 
a  crust  was  formed,  and  the  wool  below  was  found  dry. 

T.  Egleston,  M.  Am.'Soc.  C.  E. — The  circumstances  under  which 
this  paper  was  written  are  all  recorded  in  it.  They  were  fully  stated 
to  the  Secretary  before  the  paper  was  offered  for  presentation  to 
the  Society.  That  two  papers  on  the  same  subject  may  not  properly  be 
presented  to  different  or  even  to  the  same  Society,  as  has  been  implied, 
is  not  a  tenable  position.  It  is  not  only  allowable  but  justifiable,  since 
the  subject  will  usually  be  presented  to  a  different  audience.  To  forbid 
it  would  be  to  prevent  the  diffusion  of  knowledge.     It  is  the  constant 
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practice  of  learned  societies  all  over  the  world.  There  is  nothing  in 
this  paper  which  is  not  distinctly  my  own.  The  investigation  is  wholly 
mine.  I  made  it  for  the  sake  of  ascertaining  what  the  facts  were,  at  my 
own  expense,  neither  for  nor  against  the  interest  of  any  persons  or  com- 
pany. I  never  expected  it  to  be  considered  as  an  attack  on  any  industry. 
That  such  corrosion  as  would  have  caused  a  similar  accident  would 
sooner  or  later  be  caused  by  any  leak,  whether  the  pipes  were  covered  or 
not,  is  true.  I  did  not  state  this  fact  in  the  paper.  I  saw  no  reason  for 
doing  so,  as  I  supposed  that  every  one  knew  that  iron  if  exposed  long 
enough  to  moisture  would  sooner  or  later  rust  through. 

It  was  not  my  purpose  to  say  what  would  take  place  under  any  or 
all  circumstances,  but  what  did  take  place  under  the  given  conditions  in 
this  particular  case,  and  that  the  accident  was  caused  by  the  action  of 
the  liberated  sulphuric  acid  on  the  iron  of  the  pipes,  as  is  shown  by  the 
analysis  of  the  scale  on  page  257,  and  that  the  action  was  very  much 
more  rapid  than  it  would  have  been  had  the  steam  or  water  of  condensa  • 
tion  acted  alone.  I  have  no  reason  to  attack  any  industry, 
but  I  did  and  do  propose  to  call  attention  to  facts  of  both 
scientific  and  practical  interest  which  fall  within  my  professional 
observation  or  research .  The  circumstances  under  which  this  accident 
took  place  are  likely  to  be  repeated.  They  occur  from  causes  which 
are  perfectly  preventable.  Slag  can  be  had  which  does  not  contain 
'  more  than  a  trace  of  sulphur .  The  action  of  organic  acids  on  sub- 
stances buried  in  the  earth  is  of  the  greatest  possible  importance. 
Until  within  a  few  years  their  effects  have  been  supposed  to  be 
entirely  null,  and  they  have  been  wholly  overlooked.  That  a  very  weak 
acid,  supposed  to  be  entirely  without  effect,  may,  under  any  conditions, 
decompose  a  substance  and  set  free  a  dangerous  element,  is  of  itself 
alone  worthy  of  the  careful  attention  of  every  engineer,  more  especially 
so  when,  under  the  rapid  and  careless  methods  of  manufacture,  the  result 
may  be  to  deface,  weaken  or  even  destroy  structures.  No  engineer  can 
afford  to  ignore  the  presence  of  small  quantities  of  acid  in  sulphur,  nor 
any  architect  the  presence  of  impurities  in  plaster  or  mortar,  and  there 
is  just  as  much  reason  for  calling  attention  to  the  action  of  alkalies  and 
of  very  weak  organic  acids.  I  do  not  know,  and  did  not  pretend  to 
know,  the  practice  of  the  New  York  Steam  Heating  Company.  I  know 
nothing  about  it,  except  as  I  have  seen  it  while  passing  through  the 
streets  of  New  York,  where  their  pipes  are  laid.     But  I  do  know  what 
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happened  at  Columbia  College,  and  have  described  its  cause.  The 
statements  I  have  made  in  both  papers  are  the  results  of  my  own 
observations  and  researches.  Whether  they  are  or  are  not  of  value 
cannot  be  determined  by  any  assertion.  This  Society  cannot  lend  itself, 
and  no  member  of  it  can  afford,  to  depreciate  or  discourage,  however 
slightly,  original  research .  Many  years'  experience  with,  and  investi- 
gation of,  blast  furnace  slag  have  taught  me  to  appreciate  its  value  in 
very  many  ways,  and  as  a  safe  article  can  be  had  just  as  well  as  a  more 
or  less  dangerous  one,  it  is  the  right  of  every  member  of  the  Society 
to  know  under  what  conditions  it  may  be  perfectly  safe,  and  under  what 
circumstances  it  may  present  elements  of  danger.  If  it  is  true  that  all 
blast  furnace  slags,  when  reduced  to  the  condition  of  fibre,  are  decom- 
posed sufficiently  by  simple  atmospheric  influences  to  form  a  more  or 
less  solid  substance,  as  it  is  asserted,  the  infiltration  of  water  through 
the  "felted"  substance  must  dissolve  out  both  alkalies  and  sulphur, 
to  be  ready  to  attack  whatever  comes  in  their  way. 
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The  system  of  land  surveys  of  this  country  is  based  on  such  inac- 
curate methods  that  in  nearly  all  the  older  States,  where  the  land  has 
greatly  increased  in  value,  the  original  surveys  are  no  longer  a  suitable 
basis  for  subdivision  of  property. 

Since  old  boundary  marks  cannot  be  disturbed,  resurveys  merely 
determine  their  true  positions,  without  correcting  the  irregularities  of 
boundary  lines;  and  consequently  it  would  be  much  more  satisfactory  as 
well  as  economical  if  the  original  surveys  were  based  on  permanent 
marks  established  by  an  accurate  system  of  triangulation. 

The  resurvey  of  States,  and  the  development  of  geodetic  surveys  by 
the  General  Government,  are  having  a  tendency  to  make  a  knowledge  of 
geodesy  of  more  importance  to  the  engineers  of  this  country  than 
heretofore,  and  will  probably  eventually  make  it  as  prominent  a  specialty 
with  the  profession  as  at  present  with  the  engineers  of  Europe. 

The  object  of  the  following  paper  is  to  present,  in  as  concise  a  manner 
as  possible,  practical  methods  of  making  geodetic  observations,  and  to 
point  out  some  of  the  sources  of  error  which  are  liable  to  escape  the 
notice  of  the  inexperienced  observer. 
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The  different  text-books  on  this  subject  are  mostly  of  a  theoretical 
character,  and  although  they  treat  of  a  variety  of  methods  of  observa- 
tion, give  but  little  of  the  practical  information  needed  for  doing  success- 
ful work. 

An  erroneous  result,  due  to  the  use  of  an  incorrect  formula,  may  at 
any  time  be  revised  and  corrected,  but  an  error  of  observation  once  a 
matter  of  record  often  renders  work  worse  than  useless. 

The  mere  fact  that  the  individual  results  from  a  series  of  observations 
agree  with  each  other  is  by  no  means  proof  that  the  work  has  been  ac- 
curately done,  for  this  agreement  may  be  due  to  the  accidental  errors 
of  observation  being  small,  while  those  errors  which  are  constant  as  to 
sign  have  no  effect  on  the  sign  of  the  residuals,  and  are  often  undetected 
until  the  final  discussion  of  results  produces  discrepancies  which  may 
render  the  work  of  but  little  value. 

The  labor  of  computing  the  most  probable  corrections  to  results  for 
geodetic  field  observations  is  often  a  more  difficult  task  than  to  make 
the  observations,  and  there  are  unfortunately  plenty  of  examples  where 
the  results  thus  corrected  are  not  nearly  so  reliable  as  a  mean  value 
would  have  been  had  the  observations  been  so  made  as  to  eliminate 
constant  errors. 

Before  commencing  any  important  series  of  observations,  it  is  essen- 
tial that  the  observer  should  accurately  determine  the  instrumental 
constants  of  the  instruments  to  be  used,  as  injury  to  reticule  threads  and 
level  tubes  are  of  frequent  occurrence,  and  unless  the  values  of  thread, 
intervals  and  level  divisions  are  known,  an  accident  may  render  p  large 
amount  of  work  worthless. 

The  observer  should  also  be  prepared  to  replace  reticule  threads  in 
case  of  breakage,  as  the  operation  is  exceedingly  simple,  and  to  be 
obliged  to  send  an  instrument  to  the  maker's,  as  is  often  done,  is  ex- 
pensive, and  necessitates  a  loss  of  time. 

A  cocoon  of  fine  spider  thread,  a  pair  of  spring  dividers,  and  a 
bottle  of  shellac  dissolved  in  alcohol,  is  the  only  outfit  needed. 

A  thread  of  the  cocoon,  fastened  to  the  points  of  the  dividers,  may 
be  stretched  one-third  of  its  length  if  held  in  steam  and  gradually  sub- 
jected to  tension,  and  if  then  fastened  in  position  on  a  diaphragm  with 
shellac,  there  will  be  little  danger  of  change  of  position  taking  place, 
even  though  used  in  moist  atmospheres. 
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Astronomical  Longitude. 

The  difiference  in  longitude  of  two  places  is  the  interval  of  sidereal 
time  elapsing  between  the  passage  of  the  meridians  of  the  two  places 
by  a  fixed  star,  or  difiference  in  local  times  of  the  two  places. 

The  method  of  determining  this  interval  usually  consists  in  observ- 
ing for  local  time  at  the  respective  stations,  and  then,  by  means  of  signals 
that  may  be  observed  simultaneously  at  both  stations,  determining  the 
difiference  of  these  times. 

Since  the  telegraph  furnishes  a  ready  method  of  making  such  com- 
parisons, the  determination  of  local  time  comprises  the  principal  work 
in  making  observations  for  difiference  of  longitude.  As  a  knowledge  of 
local  time  is  also  necessary  in  both  latitude  and  azimuth  observations, 
it  becomes  one  of  the  most  essential  features  of  geodetic  work. 

The  best  form  of  instrument  at  present  for  general  use  in  determin- 
ing local  time,  is  probably  the  ordinary  astronomical  field  transit,  con- 
sisting of  a  telescope  of  about  30-inch  focal  length  with  a  horizontal 
axis  supported  in  the  wyes  of  an  iron  frame.  Two  small  circles,  with 
verniers  reading  to  minutes,  are  attached  to  the  opposite  sides  of  the 
telescope,  near- the  eye-piece  end,  and  enable  the  observer  to  set  telescope 
at  any  required  altitude.  One  of  the  wyes  may  be  moved  in  azimuth  by 
a  slow  motion  screw,  for  the  purpose  of  making  the  final  adjustment 
for  azimuth  after  the  instrument  has  been  placed  approximately  in  the 
meridian. 

The  axis  of  the  telescope  is  hollow,  allowing  the  light  from  a  lamp 
supported  on  a  bracket  attached  to  one  of  the  wyes,  or  at  side  of  ob- 
servatory, to  pass  into  the  telescope  to  a  reflector  at  the  intersection 
with  axis,  from  which  it  is  reflected  to  the  threads  of  reticule.  The 
practice,  however,  of  supporting  the  illuminating  lamp  on  the  instrument 
is  bad,  and  should  be  avoided  if  possible,  as  the  heat  produces  unequal 
expansions  of  different  parts  of  the  transit  and  striding  level,  and  con- 
sequently may  cause  the  level  to  indicate  erroneous  corrections. 

The  transit,  as  usually  conetructed,  can  be  reversed  only  by  lifting 
the  telescope  by  hand  from  its  wyes  and  shifting  the  pivots  into  the 
opposite  supports.  This  cannot  be  done  without  more  or  less  jar,  and 
is  liable  to  disturb  both  the  azimuth  and  collimation  adjustments.  A 
secondary  set  of  wyes,  supported  by  a  vertical  axis  in  lower  part  of  iron 
frame  of  transit,  and  so  arranged  that  by  means  of  a  screw  the  telescope 
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may  be  lifted  from  its  bearings  and  turned  180°  in  azimuth,  adds  greatly 
to  the  ease  and  precision  with  which  the  instrument  may  be  manipu- 
lated. 

The  German  form  of  field  transit  is  somewhat  similar  to  an  ordinary 
altitude  and  azimuth  instrument,  except  that  at  the  intersection  of  the 
telescope  and  its  axis  is  placed  a  right-angled  prism  to  reflect  the  rays 
from  the  object  glass  to  one  end  of  the  axis,  to  which  the  eye-piece  of 
telescope  is  attached. 

With  this  form  of  instrument  the  observer  does  not  have  to  change 
position  in  observing  stars  of  different  altitude,  which  is  a  great  con- 
venience, but  it  has  defects  which  are  serious  objections  to  its  use. 

The  weight  of  telescope  and  its  counterpoise  produces  considerable 
flexure  in  the  rotation  axis,  which  will  be  in  the  plane  of  the  telescope 
and  axis  when  the  object  sighted  at  is  in  the  zenith,  and  at  right  angles 
to  this  plane  when  object  is  in  horizon. 

The  collimation  of  instrument  will  therefore  vary  with  the  altitude  of 
the  object  observed. 

A  convenient  arrangement  for  threads  of  reticule  for  time  observa- 
tions is  in  three  sets  of  five  threads  each,  so  arranged  that  the  intervals 
in  the  sets  will  require  about  two  and  one-half  seconds  for  the  passage 
of  an  equatorial  star,  and  the  interval  between  sets  about  double  that  be- 
tween threads — the  middle  thread  of  the  middle  set  being  in  the  colli- 
mation axis  when  the  instrument  is  in  adjustment. 

The  interval  of  each  thread  from  the  collimated  thread  may  be  deter- 
mined by  observing  the  times  of  transit  of  a  circumpolar  star  across  the 
reticule. 

If  5  =  declination  of  star,  i  =  equatorial  interval  of  any  wire,  and 
/=  the  observed  interval  from  transits  of  star  ;  Sin.  i  =  sin.  /cos.  8  (1). 

For  stars  with  polar  distances  exceeding  10°,  i  =^  I  cos.  d  is  suffici- 
ently accurate. 

If  n  =  number  of  threads  observed  over  for  any  star,  the  correction 
to    the    middle    thread    for    the    mean    of   the    observations    will    be 

^^sec.  d.        (2.) 
n 

Let  (p  =  latitude  of  place,  d  =  declination  of  star, 

a  =  azimuth  constant,  b  =  level  constant, 

c  =  collimation  constant,  and  A  ^  ="  clock  correction,  due 

to  instrumental  errors,  it  may  be  easily  shown  that 
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/\t  =  a  sin.  {(p  —  d)  sec.  d  -\-  b  cos.  [cp  —  8)  sec.  8  -\-  c  sec.  8  *       (3). 

If  180O  —  8  he  substituted  for  8  in  formula  (3),  the  resulting  equa- 
tion will  give  corrections  for  stars  observed  at  lower  culmination. 

From  the  general  formula  (3)  it  will  be  seen  that  the  correction  due 
to  the  inclination  of  the  axis  varies  with  the  co-sine  of  the  zenith  dis- 
tance of  star,  and  as  it  is  impossible  to  maintain  the  axis  exactly  in  a 
horizontal  position,  it  becomes  necessary  to  determine  the  amount  of 
this  inclination  at  frequent  intervals  during  the  observations. 

Let  e,  e^  and  w,  w^  be  the  respective  readings  of  the  east  and  west 
end  of  bubble  for  direct  and   reversed  positions  of  the  striding  level, 

f  1JJ     I    1IJ    )  (q  — |—  q    \ 

and  we  have  b  =  '^ — ^!— —   *  — ^^  where  d  is  the  value  of  one  di- 

vision of  level  scale,  and  may  be  determined  in  various  ways. 

The  most  convenient  method  of  determining  the  value  of  level  divis- 
ion is  by  means  of  a  level  trier,  but  if  such  an  instrument  is  not  at  the 
disposal  of  the  observer,  nearly  as  good  results  may  be  obtained  by  com- 
parisons with  the  micrometer  screw  of  a  zenith  telescope.  If  the  level  be 
placed  parallel  to  the  optical  axis  of  telescope,  and  the  latter  pointed  to 
a  target  near  the  horizon,  by  moving  the  telescope  in  altitude  so  that  the 
bubble  runs  from  one  end  of  scale  to  the  other,  and  noting  the  arc  passed 
over  by  reading  on  target  with  micrometer  for  each  position,  the  value  of 
division  may  be  obtained  in  terms  of  the  micrometer  revolution. 

Another  method  consists  in  measuring  a  line  of  500  feet  to  1  000 
feet  length  from  the  observing  post  and  setting  up  a  leveling  rod  at  other 
end  of  line,  so  that  by  means  of  the  target  the  vertical  distances  passed 
over  by  horizontal  thread  from  slight  motions  of  telescope  may  be  accu- 
rately read  on  the  rod. 

By  placing  the  level  on  telescope  of  transit  parallel  to  its  optical  axis 
and  moving  it  in  altitude  till  bubble  reads  near  one  end  of  scale,  and 
noting  the  target  reading  on  level  rod  corresponding  to  this  position, 
and  then  moving  telescope  till  bubble  reads  at  other  end  of  scale,  the 
arc  passed  over  may  be  computed  from  the  target  readings  on  the  level 
rod.  If  w  =  number  of  divisions  passed  over  by  the  bubble,  a  =  length 
of  base  and  b  =  the  vertical   distance  through  which  level  target  was 

moved,  nd  =  tan.  ^—    (4).     This  should  be  repeated  a  number  of  times 

*  Chauvenet's  Astronomy,  Vol.  II.,  p.  145. 
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to  eliminate  errors  of  observation,  and  also  on  different  parts  of  the 
scale,  to  ascertain  if  all  of  the  divisions  are  of  equal  value. 

The  pivots  of  the  axis  often  have  unequal  diameters,  in  which  case 
the  result  obtained  with  striding  level  does  not  give  the  true  inclination 
of  rotation  axis,  and  must  be  corrected  for  the  error  due  to  this 
inequality. 

Let  p  —  pivot  correction,  2  0  =  the  angle  of  the  wyes  of  level, 
'2  0^  =  the  angle  of  the  transit  wyes,  and  b  and  b^  the  inclination  of  the 
axis  as  given  by  striding  level  for  direct  and  reversed  positions  of  tele- 

^1.  b'  —b  /         sin.  &^  \        ,^. 

scope,  then P  =  ~^  KsU^S'+^u^O       ^^'^ 

If  the  angles  of  the  wyes  for  transit  and  level  are  approximately  the 
same  equation,  (5)  becomes  j9  =   — - — . 

This  error  may  be  nearly  eliminated  from  the  mean  result  by  observ- 
ing about  an  equal  number  of  stars  for  each  position  of  the  telescope,  but 
whenever  of  sufficient  magnitude  to  affect  the  results  the  correction 
should  always  be  applied. 

In  order  that  the  central  thread  of  the  reticule  may  revolve  in  the 
same  plane  for  direct  and  reversed  positions  of  the  telescope,  the  reticule 
must  be  so  adjusted  that  the  vertical  plane  passing  through  the  central 
thread  and  optical  axis  of  telescope  will  be  at  right  angles  to  the  rota- 
tion axis.  Since  this  adjustment  can  seldom  be  made  absolutely  correct, 
and  as  it  is  also  liable  to  change,  the  error  should  be  made  as  small  as 
possible  by  carefully  collimating  the  central  thread  by  reversing  the 
telescope  on  a  distant  target,  and  then  determine  the  remaining  error 
and  apply  it  as  a  correction  to  results. 

If  a  circumpolar  star  be  observed  over  the  first  set  of  threads  of 
reticule  with  telescope  direct,  and  the  telescope  then  be  reversed,  the 
star  may  again  be  observed  over  the  same  threads  in  reverse  order. 

These  results,  when  reduced  to  middle  thread  by  formula  (1),  and 
corrected  for  level  error,  should  differ  by  twice  the  coUimation  error 

multiplied   by   secant   of   declination   of   the   star,    or,   G=x ;   (6), 

Z  S6C.  O 

where  t  and  T  are  the  observed  chronometer  errors,  before  and  after 
reversal.  The  mean  result  from  t  and  t'  is  evidently  free  from  coUima- 
tion error,  and  if  combined  with  the  result  from  f*n  observation  on  an 
equatorial  star  will  give  the  azimuth  constant. 
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Suppose  the  deviation  of  the  instrument  is  to  the  east  of  south,  and 
that  t  and  t'  are  the  chronometer  corrections  obtained  from  observations 
on  a  north  and  a  south  star,  and  A  ^  ^^^  A  ^  ^^®  ^^^  corrections  to  those 
results  due  to  the  azimuth  error. 

Then,    since  l\t  =z  —  a  sin,  z  sec.  d  and  ^t'  =  -{-  a  sin.  z    sec.  d' 

a  = A^-At _  t'-t 

sin.  z  sec.  d  -\~  sin.  z'  sec.  S'         sin.  z  sec.  S  +  sin.  z'  sec.  d' 

The  two  terms  of  the  denominator  are  usually  called  azimuth  factors, 
and  may  be  tabulated  for  different  declinations  and  zenith  distance,  so 
that  with  declination  and  zenith  distance  of  a  star  for  arguments,  the 
value  of  the  factor  may  be  taken  directly  from  table. 

In  computing  the  azimuth  constant,  it  is  necessary  that  the  observa- 
tions be  first  corrected  for  the  level  and  coUimation  errors,  and  also  for 
rate  of  chronometer,  if  much  time  elapses  between  the  observations 
used.  In  case  both  the  stars  are  on  same  side  of  the  zenith  and  at  upper 
culmination,  the  denominator  of  equation  (7)  becomes  the  difference  of 
the  factors  ;  and  for  a  star  at  lower  culmination,  the  sign  of  its  factor 
will  be  the  same  as  for  a  star  south  of  zenith. 

With  a  good  instrument  and  proper  care  in  manipulation,  the  con- 
stants for  azimuth  and  coUimation  will  remain  substantially  the  same 
throughout  a  night's  observations;  but  for  precise  work,  pains  should  be 
taken  to  eliminate  their  effect  as  nearly  as  possible  from  the  resulting 
chronometer  error. 

The  value  of  b  obtained  from  the  level  readings,  together  with  the 
mean  value  of  a  and  c  deduced  from  the  observations,  when  substituted 
in  formula  (3),  give  the  correction  for  each  star  due  to  instrumental 
errors. 

The  post  on  which  the  instrument  is  placed  should  be  set  at  least 
5  feet  in  the  ground,  to  insure  stability,  and  have  a  small  observatory 
built  over  it,  to  protect  the  instrument  from  the  wind. 

When  the  reticule  is  properly  adjusted  the  horizontal  thread  should 
be  parallel  to  the  liorizon,  and  if  the  instrument  is  in  the  plane  of  the 
meridian  the  stars  should  cross  the  reticule  parallel  to  this  thread. 
Hence,  if  the  transit  be  placed  approximately  in  the  meridian  by  esti- 
mating from  the  hour  angle  of  Polaris  the  amount  of  its  deviation,  and 
an  observation  be  then  made  on  a  time  star,  the  direction  in  which  the 
star  crosses  the  horizontal  thread  will  indicate  which  way  the  telescope 
deviates  from  the  meridian. 
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If  the  star  crosses  the  horizontal  threads  upwards,  the  telescope  will 
be  pointing  to  the  eastward  of  the  meridian,  and  if  moved  in  azimuth 
by  slow-motion  screw  of  movable  wje  until  the  star  follows  the  threads, 
the  instrument  will  be  approximately  in  the  meridian.  If  the  star 
moves  downwards  in  crossing  the  threads  the  telescope  will  have  to  be 
moved  in  azimuth  to  the  eastward,  and  then  tested  by  another  star. 

It  is  not  necessary  to  set  the  instrument  for  any  particular  star,  for 
if  the  telescope  be  moved  slowly  in  altitude  a  star  may  be  easily  found 
suitable  for  testing  this  adjustment. 

When  the  transit  is  so  near  in  the  meridian  that  a  time  star  will 
follow  the  horizontal  thread  in  crossing  the  field  of  view,  if  the  time  of 
transit  of  a  star  within  a  few  degrees  of  the  zenith  be  observed,  the 
result  will  be  afifected  but  slightly  by  the  azimuth  error.  An  observation 
of  this  kind  will  give  the  approximate  error  of  the  chronometer  ;  and  if 
the  telecope  be  then  set  for  a  circumpolar  star,  and  moved  in  azimuth 
until  the  collimated  thread  of  reticule  bisects  the  star  at  the  time  for 
its  culmination,  the  transit  will  be  sufficiently  near  in  the  meridian  for 
making  observations. 

In  case  a  closer  approximation  is  desirable,  the  chronometer  error 
may  be  redetermined  by  observing  another  time  star,  with  which  the 
azimuth  of  transit  may  be  adjusted  by  setting  thread  on  another  slow 
star,  as  before. 

Where  several  nights'  observations  are  to  be  made,  a  meridian  mark 
may  be  established  from  the  first  night's  observations,  so  that  the  transit 
may  be  placed  in  the  meridian  on  other  nights  by  simply  sighting  to  mark. 

The  difference  between  the  right"  ascension  of  a  star  and  its  observed 
sidereal  time  of  transit  is  the  amount  that  the  chronometer  is  either  fast 
or  slow. 

The  positions  of  the  stars  being  given  in  the  ephemeris  by  their  right 
ascensions  and  declinations,  it  will  be  necessary  to  know  the  approx- 
imate lattiude  of  place  before  zenith  distances  can  be  computed  for 
setting  telescope  ;  and  if  a  mean-time  chronometer  be  used,  the  right 
ascensions  of  the  stars  observed  should  be  converted  into  mean  time. 

Since  the  sidereal  time  of  mean  noon  given  in  ephemeris  is  for  the 
meridian  of  Greenwich,  to  obtain  the  sidereal  time  of  mean  noon  for 

S€,C, 

place  of  observation,  ^  „'  '      must  be  added  to  the  epheaieris  time  for 

y . oobo 

each  hour  of  longitude  west  of  Greenwich. 
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If  from  the  right  ascension  of  a  star,  as  given  in  ephemeris,  the 
sidereal  time  of  mean  noon  be  subtracted,  the  difference  will  be  the 
sidereal  interval  of  time  from  mean  noon  to  time  of  culmination  of  star 
at  place  of  observation. 

This  interval,  converted  into  mean  time  by  use  of  tables,  or  by  sub- 

tracting  „  „  '     for  each  hour  past  noon,  will  be  the  mean  time  of  culmi- 

nation  of  star  ;  and  if  subtracted  from  the  observed  mean  time  of  transit, 
the  difference  will  be  the  chronometer  error. 

In  observing  the  times  at  which  a  star  crosses  the  threads  of  the 
reticule,  the  observer  may  either  note  the  times  of  transit  by  listening 
to  the  beats  of  the  chronometer  and  estimating  between  wliat  seconds 
the  bisection  takes  place,  or  record  the  observations  automatically  by 
means  of  a  chronograph.  By  the  former,  or  eye  and  ear  method,  the 
star  is  usually  observed  over  the  jfirst  and  last  threads  of  the  outside  sets 
and  middle  thread  of  middle  set,  except  for  slow  stars,  on  which  the  tele- 
scope is  reversed,  in  which  case  the  star  is  observed  over  the  threads 
of  an  outside  set  in  opposite  directions  for  the  two  positions  of  the 
telescope. 

In  recording  the  times  of  observations  by  means  of  a  chronograph,  a 
break  circuit  clock  or  chronometer  is  required,  consisting  of  an  arrange- 
ment of  the  works  so  that  the  circuit  from  a  small  battery,  passing 
through  the  chronometer,  is  broken  an  instant  at  each  second,  except 
the  zero  second  of  each  minute. 

The  wire  from  one  pole  of  the  battery  passes  through  the  break 
circuit  of  chronometer  and  is  connected  with  the  coil  of  a  small  relay, 
to  the  armature  of  which  the  chronograph  pen  is  attached,  and  then 
passes  through  break  circuit  key  at  observing  post  back  to  battery. 

The  chronogragh  consists  of  a  cylinder  about  6  inches  in  diameter,  with 
clock-work  attachment,  by  which  it  may  be  turned  at  the  rate  of  one 
revolution  per  minute. 

The  pen  held  by  armature  of  relay  rests  on  a  sheet  of  paper  fastened 
around  the  chronograph  cylinder,  and  for  each  revolution  of  the  cylinder 
the  relay  and  pen  are  drawn  sidewise  about  I'oth  of  an  inch.  Each 
beat  of  the  chronometer  breaks  the  circuit  for  an  instant,  and  causes  the 
pen  carried  by  armature  to  make  a  slight  break  in  line  marked  on  the 
chronograph  cylinder. 

Since  each  of  these  breaks  corresponds  to  some  second  of  time,  if  the 
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observer  breaks  the  circuit  with  the  key  at  observing  post  at  the  instant 
the  star  crosses  any  thread  of  the  reticule,  the  break  vi^ill  be  recorded 
on  chronograph,  and  the  distance  of  this  break  from  the  last  preceding 
break  made  by  the  chronometer  -will  give  the  exact  fraction  of  a  second 
at  which  the  observation  was  made. 

The  same  circuit  used  for  recording  the  observations  on  the  chrono- 
graph may  be  connected  with  the  wires  of  a  telegraph  line,  so  that  the 
breaks  of  the  chronometer  may  be  recorded  on  a  chronograph  at  some 
other  station  for  the  purpose  of  comparing  the  local  time  and  determin- 
ing the  difiference  of  longitude. 

If  an  ordinary  Morse  relay  be  placed  in  the  circuits,  so  that  the  local 
line  passes  through  the  coils  and  the  main  line  through  the  armature  of 
the  relay,  the  second  breaks  from  the  chronometer  will  be  repeated  over 
the  main  line,  and  if  at  the  other  station  the  main  line  be  switched  to 
pass  through  the  coils,  and  local  line  through  the  armature  of  relay,  the 
breaks  will  be  recorded  on  the  chronograph  with  those  from  the  chro- 
nometer at  that  station. 

The  results  from  these  records  will  be  in  error  by  the  amount  of  time 
required  for  the  electric  current  to  pass  over  the  lines  and  act  on  the 
armature  of  the  relays,  but  since  the  signals  sent  from  the  easterly 
station  give  too  small  a  difference  of  time,  and  those  from  the  westerly 
station  too  large  a  difference,  the  mean  result  from  signals  sent  in  both 
directions  will  be  free  from  wave  and  armature  time. 

In  mountainous  regions,  and  where  the  observers  are  unable  to  make 
comparisons  by  means  of  telegraph,  the  differences  of  local  time  may  be 
obtained  by  making  simultaneous  observations  of  powder  flashes  made 
at  some  place  visible  from  the  respective  stations. 

The  time  at  which  any  flash  occurs  may  be  easily  observed  to  the 
nearest  tenth  of  a  second,  and  consequently  a  mean  of  twenty  such 
comparisons  will  be  sufficiently  accurate  for  each  night's  observations. 

These  comparisons,  whether  electric  or  otherwise,  should  be  made 
each  night,  so  that  about  one-half  of  the  time  observations  will  precede 
the  signals. 

Since  the  difference  in  longitude  of  two  places  is  the  sidereal  inter- 
val of  time  of  a  star  in  passing  from  meridian  of  one  place  to  that  of 
the  other,  it  follows  that  if  tlie  same  star  be  observed  at  each  station  all 
errors  in  right  ascension  will  be  eliminated  from  the  result  for  difference 
of  longitude. 
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If  a  sufficient  number  of  well-determined  slow  and  time  stars  be 
observed  to  establish  the  instrumental  constants,  any  time  star,  if  ob- 
served at  both  stations,  will  give  a  good  result  for  difference  of  longi- 
tude. 

This  allows  a  much  greater  number  of  observations  to  be  made  in  a 
given  time  than  would  be  possible  if  only  standard  stars  were  observed. 

Since  no  two  observers  will  estimate  the  time  of  bisection  of  a  star 
at  exactly  the  same  instant,  the  difference  in  longitude  obtained  from 
the  local  time  determined  by  two  observers  will  need  a  correction  due  to 
the  difference  of  their  personal  errors.  This  correction  may  be  deter- 
mined for  any  set  of  observers  by  making  independent  determinations 
of  local  time  at  stations  near  each  other,  the  difference  of  which,  when 
corrected  to  the  same  meridian,  will  be  the  personal  error  of  the  ob- 
servers affecting  the  difference  of  longitude. 

This  error,  however,  is  liable  to  change  with  age  and  practice,  and 
should  not  be  assumed  to  be  constant  for  any  great  length  of  time. 

If,  after  completing  one-half  the  observations  required  for  a  longi- 
tude determination,  the  observers  change  stations  and  complete  the 
work,  the  mean  result  will  be  free  from  this  source  of  error. 

Diurnal  aberration  causes  each  star  to  appear  to  the  eastward  of  its 

ace, 
true  position  by  an  amount  =  q  q21  ^^•^-    'P  ^^^-   ^-     This  correction  is 

additive   to   observed  time  of  transit  of  upper  culmination  stars,  and 
subtractive  for  stars  at  lower  culmination. 

The  instrumental  constants  deduced  from  observations  of  high  and 
low  stars  substituted  in  formula  (3)  will  give  the  individual  results  with 
sufficient  accuracy  for  ordinary  work,  but  where  greater  precision  is 
required,  then  the  azimuth  and  collimation  constants  and  chronometer 
error  may  be  deduced  from  the  observations  by  the  "method  of  least 
squares." 

Let  A*^  =  assumed  approximate  chronometer  error  at  time  of  signals, 
/\t'  =  difference  between  assumed  and  true  chronometer  error, 
B    =  interval  of  time  from  mean  of  signals  to  time  of  any  ob- 
servation, 
p   =  hourly  rate  of  chronometer, 

V    =  residual  obtained  by  subtracting  the  clock  error  for  any 
observation  from  the  assumed  chronometer  error  i\L 
Each  star  observation  will  then  give  an  observation  equation  of  the 
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form  Aa  -\-  Cc  -{-  Rp  -\-  /\t^  =  v,  and  these  may  be  solved  by  the  usual 
method  of  least  squares. 

In  case  there  is  any  reason  to  suppose  that  the  azimuth  or  collima- 
tion  of  the  instrument  was  disturbed  during  the  observations,  the  equa- 
tions must  be  solved  in  sets  for  values  of  the  constants  before  and  after 
the  disturbance  occurred. 

S6C 

The  probable  error  of  a  good  longitude  determination  is  about  q  q^ 

or  an  amount  corresponding  to  about  45  feet  at  the  equator.  Owing, 
however,  to  the  unequal  density  of  the  earth's  crust  and  the  irregular 
shape  of  the  geode,  the  direction  of  the  action  of  gravity  often  makes  a 
slight  angle  with  the  corresponding  meridian  plane  of  the  most  probable 
spheroid,  and  consequently  the  transit  when  accurately  leveled  will 
revolve  in  a  plane  slightly  inclined  from  the  normal  to  spheroid. 

The  effect  of  this  deviation  is  to  produce  discrepancies  in  the  result- 

S6C 

ing  difference  of  longitude  that  may  amount  to  -j^  q  or  more,  as  shown 

by  a  comparison  of  the  observed  difference  with  difference  computed 
geodetically. 

The  simplicity  with  which  time  may  be  determined  from  observa- 
tions of  star  transits,  and  the  fact  that  a  few  such  observations  with  an 
ordinary  theodolite  will  determine  time  to  the  nearest  second,  enables 
any  engineer  to  furnish  the  correct  time  for  the  railroad  or  city  he  may 
represent. 

Where  local  time  only  is  required,  the  engineer,  by  establishing  a 
meridian  mark,  may  place  his  instrument  accurately  in  meridian  by  set- 
ting collimated  thread  on  mark,  and  the  observation  of  a  few  time  stars 
for  both  positions  of  telescope  will  then  give  a  mean  result  sufficiently 
accurate  for  rating  clocks. 

Astronomical  Latitude. 

The  method  of  determining  latitude  by  means  of  zenith  telescope  is 
probably  the  most  accurate  now  in  use  for  geodetic  field  work. 

Let  2  and  d  be  the  zenith  distance  and  declination  of  a  star  culminat- 
ing south  of  the  zenith,  and  z'  and  d'  for  a  star  culminating  about  the 
same  distance  north  of  the  zenith,  then 

2  =  (p—  d  {8)  B.nd  z'  =  —  cp  +  6'         (9.) 
.-.     cp  =  ^{6-\-6')-^^,{2-z')  (10.) 
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Therefore,  if  the  diflference  of  zenith  distances  of  two  such  stars  be 
measured  and  one-half  be  applied  as  a  correction  to  the  mean  of  the 
declinations,  the  resulting  latitude  will  be  affected  by  only  the  errors  due 
to  diurnal  aberration  and  the  difference  in  refraction  for  the  two  stars  ; 
and  since  the  stars  have  nearly  the  same  altitude,  the  latter  will  always 
be  small. 

The  instrument  consists  of  a  telescope  about  45  inches  focal  length, 
mounted  at  the  end  of  a  horizontal  axis  which  is  supported  in  bearings 
at  top  of  a  vertical  axis,  so  that  the  telescope  may  be  set  at  any  altitude 
by  means  of  a  setting  circle  and  level,  and  then  turned  in  azimuth  on 
vertical  axis  so  as  to  point  either  north  or  south  of  the  zenith,  as 
required. 

The  horizontal  axis  is  hollow,  allowing  the  light  from  a  lamp  at  end 
of  axis  to  pass  to  a  reflector  at  intersection  with  telescope,  by  which  it 
is  reflected  to  cross  threads  of  micrometer. 


Fig.  1. 

The  micrometer  consists  of  a  frame,  b,  in  which  a  slide,  d,  carrying 
a  fine  spider  thread,  may  be  moved  in  a  plane  at  right  angles  to  the 
optical  axis  of  telescope  by  means  of  the  micrometer  screw,  c. 

The  centre  of  the  micrometer  slide  is  cut  away  so  that  the  microm- 
eter thread,  n,  is  projected  on  a  scale  at  lower  edge  of  opening,  the 
divisions  of  which  correspond  to  the  distance  passed  over  by  the  thread 
for  each  revolution  of  the  screw. 

The  spider  thread,  m,  is  attached  to  the  frame,  h,  and  when  ad- 
justed, should  be  in  collimation  axis  of  the  telescope.  Every  fifth 
notch  of  the  scale  is  made  deeper  than  the  others,  to  enable  the  observer 
to  read  the  number  of  the  revolution  quickly  for  any  position  of  microm- 
eter thread.  The  head  of  the  screw  is  graduated  into  one  hundred 
divisions,  and  numbered  so  that  the  numbers  will  increase  past  the  index 
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as  the  micrometer  thread  moves  in  a  positive  direction  over  the  scale, 
or  away  from  end  of  scale,  corresponding  to  the  zero  revolution. 

The  value  of  the  space  passed  over  by  the  micrometer  thread  for  each 
revolution  of  the  screw  may  be  readily  obtained  by  observing  a  cir- 
<}umpolar  star  when  near  elongation  across  the  thread  for  positions 
corresponding  to  each  revolution  of  the  head.  If  the  instrument  be 
carefully  leveled  in  the  plane  of  the  star  when  near  elongation,  and  the 
micrometer  thread  set  at  that  end  of  scale  from  which  the  star  will  cross 
the  field,  the  time  of  transit  may  be  observed  for  each  revolution  by 
moving  the  thread  forward  after  each  bisection. 

Headings  of  the  level  attached  to  setting  circle  of  the  telescope  will 
indicate  the  amount  of  change  that  takes  place  in  the  inclination  of  the 
axis  during  the  series. 

Let  t  be  the  difference  of  time  of  any  observation  from  time  of  elon- 
:gation  of  star,  and  z  the  value  of  the  space  in  arc,  then 

COS.  d  sin.  i  ,^^  , 

z  = -. — 1-77—  (11.) 

sm.  1  ^      ' 

The  values  of  z  thus  obtained  must  be  corrected  for  the  difference  in 
refraction  due  to  change  of  altitude  of  star,  and  for  change  of  inclina- 
tion of  telescope  during  the  observations. 

\i  l\Y  =L  change  of  refraction  for  I'.O  at  altitude  of  star,  each  ob- 
servation will  need  a  correction  for  refraction  z=  z  /\  y  where  z  is 
•expressed  in  minutes  of  arc. 

If  No  and  So  be  the  readings  of  the  north  and  south  end  of  level 
scale  for  the  observation  at  zero  revolution,  the  correction  for  change  of 

inclination  for  the  n  revolution  will  be   (  — ^-^ ~   —    — — ^ )  c/, 

where  d  is  the  value  of  one  division  of  level  scale,  and  may  be 
determined  from  a  comparison  with  micrometer  screw.  The  values 
of  2  when  subtracted  successively  from  each  other  give  the  corre- 
sponding values  of  the  micrometer  revolutions,  and  should  be  deduced 
from  the  mean  of  at  least  four  transits  of  circumpolar  stars.  In  some 
micrometers  the  value  of  revolution  varies  for  different  parts  of  the 
screw,  in  which  case  care  must  be  taken  to  use  the  value  of  revolution 
corresponding  to  the  part  of  scale  on  which  the  difference  of  zenith 
distance  is  read. 

The  post  on  which  the  instrument  is  supported  should  be  set  firmly 
in  the  ground,   with  an   observatory  built  over  it  to  protect  instrument 
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from  the  wind.  By  using  the  delicate  level  on  setting  circle  for  making 
adjustments,  the  instrument  may  be  so  accurately  leveled  that  the  bubble 
will  move  through  but  a  few  divisions  when  the  instrument  is  turned  in 
azimuth,  which  is  essential  where  precision  is  required. 

The  instrument  having  been  leveled  by  means  of  setting  level,  the 
horizontal  axis  may  be  adjusted  by  means  of  striding  level  and  adjusting 
screw  near  outer  end  of  axis.  This  adjustment  is  not  always  stable,  and 
should  be  tested  at  intervals  during  the  work.  Since  the  telescope  is  at 
one  side  of  vertical  axis,  it  is  necessary  in  collimating  vertical  thread  to 
make  reversals  on  a  distant  target,  or  else  have  two  targets  separated 
by  twice  the  distance  of  telescope   from  the  vertical  axis. 

The  micrometer  box  is  fastened  to  the  telescope  tube  with  a  clamp 
and  adjusting  screws,  with  which  the  micrometer  thread  may  be  made 
parallel  to  the  horizon  when  the  instrument  is  level. 

The  instrument  may  be  placed  in  plane  of  meridian  by  the  same 
process  described  for  the  field  transit,  and  when  so  adjusted,  if  the  two 
stops  attached  to  horizontal  circle  be  firmly  clamped  against  the  tangent 
arm,  the  telescope  may  be  quickly  brought  into  the  meridian  either 
north  or  south  by  turning  instrument  in  azimuth  until  tangent  arm  rests 
against  one  of  the  stops.  Care,  however,  must  be  taken  that  no  dust 
accumulates  between  the  stops  and  tangent  arm  during  the  observa- 
tions. 

If  the  vernier  of  setting  circle  be  set  at  the  mean  zenith  distance  of 
the  pair  of  stars  to  be  observed,  and  the  telescope  moved  in  altitude  till 
the  bubble  of  setting  level  comes  to  the  centre  of  scale,  and  then  firmly 
clamped,  the  stars  will  cross  the  field  of  view  about  equidistant  from 
centre  of  micrometer  scale.  As  the  first  star  of  pair  crosses  the  vertical 
thread  it  should  be  bisected  by  the  movable  micrometer  thread  and  the 
time  noted.  The  position  of  thread  on  micrometer  scale  will  give  the 
number  of  revolutions,  and  the  division  of  head  under  the  index  the 
hundredths  of  revolution  for  the  observation.  The  level  should  then 
be  carefully  read  and  the  telescope  turned  180°  in  azimuth,  and  the  other 
star  of  pair  observed  in  a  similar  manner. 

If  d  is  the  value  of  one  division  of  the  level  scale,  and  n  n'  and  s  s' 

are  the  respective  readings  of  the  north  and  south  ends  of  the  bubble 

for  the  two  positions  of  the  telescope,  each  latitude  result  will  need  a 

(n  _L  n')  ■ (s  -f-  s') 

correction  for  inclination  of  vertical  axis  =  ^^ —. — ^^ -■  d    (12). 
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If  the  sum  of  the  north  readings  is  the  larger,  the  vertical  axis  points 
to  the  south  of  the  zenith,  and  the  correction  is  additive  to  the  latitude 
result.  If  the  south  readings  are  the  larger,  the  correction  must  be 
subtracted.  When  the  instrument  is  in  the  meridiau,  and  a  star  is 
observed  oflf  the  collimated  thread,  the  latitude  result  will  need  a  correc- 
tion ^  +  i  (15  A  0^  ^^^-  2  ^  sin.  1"  for  each  star,  where  /\  t  is  the  hour 
angle  of  the  star  at  the  time  of  bisection. 

If  the  telescope  is  not  in  meridian,  and  the  bisection  is  made  when 
star  is  on  collimated  wire,  the  correction 

(15  /\  i)'^  COS.  cp  COS.  d  sin.  1" 

4  sin.  [q>  ■ —  8) 

Unless  /\  t  exceed  five  seconds  these  corrections  will  not  materially 
affect  the  result. 

When  the  difference  of  zenith  distances  of  a  pair  of  stars  amounts  to 
several  minutes,  a  correction  for  refraction  must  be  applied  to  each 
result,  equal  to  one-half  the  difference  of  zenith  distances,  multiplied 
by  change  of  refraction  for  one  minute  at  altitude  of  stars. 

The  United  States  Engineer  and  Coast  Survey  officers  have  published 
catalogues  of  stars  suitable  for  forming  lists  of  pairs  for  most  places  in 
the  United  States. 

In  making  up  a  list  of  pairs  much  labor  will  be  saved  by  preparing  a 
table  of  declinations  of  north  and  south  stars  corresponding  to  different 
zenith  distances. 

By  entering  table  with  the  declination  of  any  star,  as  given  by  cata- 
logue, the  number  in  corresponding  column  will  be  the  approximate 
declination  required  for  a  star  to  complete  the  pair. 

Stars  should  be  selected,  if  possible,  that  do  not  differ  more  than 
10  minutes  in  right  ascension  and  30'  in  declination. 

Thirty  to  forty  pairs  of  stars  maybe  easily  observed  in  one  night,  and 
if  obtained  on  three  different  nights,  should  give  a  mean  latitude  result 
having  a  probable  error  of  less  than  0'^.  10. 

Since  the  probable  error  of  the  mean  declination  of  a  pair  of  stars  is 
greater  than  the  probable  error  of  a  single  determination  of  the  differ- 
ence of  the  zenith  distances,  but  little  precision  will  be  gained  by 
observing  the  same  pairs  on  more  than  three  different  nights. 

When  a  mean  time  chronometer  is  used  for  observing  the  times  of 
transit,  the  approximate  mean  time  of  culmination  should  be  computed 
for  the  stars  for  the  different  nights.     The  deviation  of  the  direction  of 
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plumb  line  from  the  normal  to  the  most  probable  spheroid  produces 
discrepancies  between  the  computed  and  observed  latitude  in  geodetic 
work  which  in  extreme  cases  may  amount  to  IS'^O  or  more. 

ASTBONOMICAIi   AziMUTH. 

To  make  a  complete  determination  of  the  azimuth  of  a  line  requires 
observations  for  local  time  and  latitude,  and  the  measurement  of  angles 
under  unfavorable  circumstances.  The  method  usually  adopted  is  to 
measure  the  ailgle  between  a  signal  at  the  opposite  end  of  line  of  which 
the  azimuth  is  required,  and  a  circumpolar  star  when  near  its  elongation, 
and  from  the  hour  angle  of  the  star  at  time  of  observation  compute  the 
azimuth.     Let  the  telescope  be  placed  in  the  plane  of  the  star  s  when 


Fig.  2. 

near  its  elongation,  and  let  2  be  the  zenith  of  the  place,  P  the  pole,  and 
h  the  direction  of  the  rotation  axis  ;  then  zli  =  90°  —  5',  and  3  ^  = 
90  —  c,  where  5'  is  the  inclination  of  rotation  axis  and  c  the  collimation  of 
cross  thread,  assumed  to  be  to  the  left  of  the  optical  axis  of  the  telescope . 
Letting  a'  =  the  azimuth  of  the  star,  and  a,  =  the  azimuth  of  rotation 
axis,  the  triangle  s  2  h  gives  —  sin.  c  ^=sin.  b'  cos.  z'  -f-  cos.  V  sin.  z'  cos- 
(a^  —  Qs') .  Since  a^  —  a'  differs  but  little  from  90-,  and  the  inclination  of 
axis  and  collimation  seldom  exceeds  a  few  seconds,  the  above  equation 
may  be  written  : 

a'=  a,  +-^^,  +  — ^  -  90O 
sin.  2  tan.  z 


a  —  a 
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If  a  reading  be  made  to  another  object  having  a  zenith  distance  2'\ 
and  azimuth  a'\  the  equation  becomes  : 

''^  sin.  2''  ^  tan.  z" 
in  which  a^,  and  V  are   the   azimuth  and  inclination  of  rotation  axis. 
The  difference  of  these  equations  give  : 

,.-_„,+  o('-.-l--„_      ^-\^-^ ^     (13). 

\sin.  z         sin.  z'  J       tan.  z"       tan.  z'  ' 

Since  small  errors  of  inclination  do  not  produce  measurable  errors  in 

the  readings  to  objects  near  the  horizon,  the  angle  a„  —  a,  will  be  the 

difference  of  readings  on  the  horizontal  circle  corresponding  to  the  two 

positions  of  the  axis  ;  and  if  one  of  the  objects  pointed  at  be  near  the 

horizon,  equation  (13)  becomes  : 

«"-a'  =  a„— a,+  c(-^^-  A+.— ^-     (14). 

\s?n.  z  J       tan.  z  ' 

in  which  a  —  a'  is  the  angle  between  the  objects,  and  a,  -    a,  the  differ- 
ence of  the  readings  on  the  horizontal  circle. 

Let  t  =  the  hour  angle  of  star  at  time  of  observation,  and  A  =  its 
azimuth  ;  then  from  the  triangle  Z  P  S, 

A  sin.  t  ,^  ^, 

—  tan.  A  = . (15). 

COS.  cp  tan.  o  —  sin.  cp  cos.  t 

At    elongation    the    triangle    is    right-angled   at   s    and    cos.    t.   = 

tan.  (p  ,^^     .        .         COS.  S      ,^„. 

T ^    16  sm.  A  =  17  . 

tan.  0  COS.  q)      ^     ' 

Putting  p  =  the  angle  at  star  between  the  pole  and  zenith  and  differ- 
entiating equation  (15)  with  reference  to  q>,  t,  and  d,  and  we  have  dAcp  =  — 

sin.  Ad  cp  COS.   d  cos.  p  ,^      .  .  sin.    p  ,  ^    „  i  •  i    -j. 

;  aA.  r=  : -at ;  dA  ^  =■  — d d,  from  which  it  may 

tan.  z.  t  sin.    z  o       sin.  z 

be  seen  that  an  error  in  time  will  have  a  maximum  effect  on  the  azimuth 
at  culmination,  and  a  minimum  effect  at  elongation  of  star,  while  errors 
due  to  latitude  and  declinations  produce  a  maximum  effect  at  elongation 
and  a  minimum  effect  at  culmination. 

Stars  observed  at  lower  culmination  have  the  advantage  of  being  at  a 
less  altitude  than  when  observed  at  elongation;  and  since  at  culmination 
of  Polaris  an  error  of  one  second  of  time  only  produces  an  error  of  0".3 
in  the  computed  azimuth,  it  is  evident  that  if  the  chronometer  error  be 
well  determined,  observations  on  close  circumpolar  stars  at  lower  cul- 
mination will  be  subject  to  errors  but  little  larger  than  those  that  may 
occur  in  observations  made  at  time  of  elongation. 


» 
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The  declinations  of  the  four  standard  circumpolar  stars  given  in  the 
**  American  Ephemeris  "  are  by  no  means  accurate,  and,  consequently,  for 
precise  work,  observations  should  be  made  on  stars  at  both  elongations 
to  eliminate  the  effect  of  declination  errors  from  the  azimuth  result. 

In  the  discussion  of  the  results  for  azimuth  in  the  geodetic  work  of 
the  Lake  Survey  discrepancies  were  found  that  could  be  accounted  for 
only  by  supposing  the  declinations  of  these  stars  in  error.  The  Ger- 
mans have  since  published  corrections  for  these  declinations  which 
materially  reduce  the  size  of  the  discrepancies;  but  the  results  still  indi- 
cate that  other  corrections  are  needed. 

"When  observations  are  made  to  circumpolar  stars  near  elongation  the 
latitude  of  place  should  be  determined  to  within  less  than  05  ".0,  or 
otherwise  the  error  in  computed  azimuth,  due  to  this  cause,  may  be 
larger  than  those  due  to  errors  of  observation. 

If  pairs  of  stars  be  selected  in  a  similar  manner  as  for  zenith  telescope, 
and  the  differences  of  their  zenith  distances  measured  by  means  of  the 
vertical  circle  and  setting  level  of  the  theodolite,  the  resulting  latitude 
will  be  practically  free  from  errors  due  to  refraction  and  errors  of  gradu- 
ation .  A  mean  of  ten  such  results  from  observations  with  a  theodolite 
having  a  vertical  circle  reaching  to  05  ".0  will  usually  give  the  latitude 
within  the  limits  required  for  the  reduction  of  azimuth  observations. 

In  case  the  theodolite  is  supplied  with  a  micrometer  eye-piece  it  may 
be  used  in  precisely  the  same  manner  as  a  zenith  telescope,  and  an 
accurate  determination  of  latitude  made. 

The  great  precision  of  the  non-repeating  theodolite,  reading  with 
micrometers,  and  the  ease  and  rapidity  with  which  it  may  be  manipu- 
lated, makes  it  especially  adapted  for  azimuth  observations.  The  essen- 
tial difference  of  this  form  of  instrument  from  an  ordinary  theodolite  i& 
that,  instead  of  an  inner  circle  carrying  verniers,  two  or  more  equi- 
distant arms  project  from  the  support  of  the  wyes  and  carry  microscopes 
with  screw  micrometers,  so  adjusted  that  when  the  graduations  of  the 
circle  are  brought  into  the  focus  of  a  microscope  one  revolution  of  the 
micrometer  screw  will  move  the  micrometer  thread  over  an  aliquot  part 
of  the  space  between  two  graduations. 

The  form  of  micrometer  is  the  same  as  that  used  on  the  zenith 
telescope,  except  that  the  head  of  micrometer  screw  is  graduated  into 
sixty  parts  to  correspond  to  seconds  of  arc,  and  numbered  so  that  the 
readings  will  increase  as  the  thread  moves  backward  over  the  graduation 
of  the  circle. 
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The  opinion  seems  to  be  prevalent  that  the  accuracy  of  geodetic 
work  depends  on  the  use  of  very  large  theodolites.  This,  however,  is 
erroneous,  for,  if  the  instrument  is  of  sufficient  weight  to  be  stable,  but 
little  precision  can  be  gained  by  increasing  the  size  of  the  circle  beyond 
the  limit  where  the  probable  error  of  the  mean  micrometer  reading  is 
less  than  the  probable  error  of  making  a  bisection  with  the  telescope. 

With  ordinary  atmospheric  disturbance,  the  probable  error  of  a  single 
bisection  of  a  distinct  signal  with  a  good  telescope  is  about  0".4,  while 
the  probable  error  of  mean  readings  of  micrometers  on  a  good  ten-inch 
circle  seldom  exceeds  0".2. 

The  comparison  of  observations  for  azimuth,  and  the  measurement 
of  angles  made  with  different  sized  circles,  show  that  theodolites  with 
10-inch  circles  give  fully  as  precise  results  as  those  having  circles  of 
three  times  that  diameter.  For  secondary  work,  where  less  precision  is 
required,  non-repeating  theodolites,  with  circles  from  6  to  8  inches 
in  diameter,  will  be  found  much  better  adapted  to  the  work  than  instru- 
ments of  larger  size. 

With  a  micrometer  theodolite  a  reading  consists  in  measuring  with 
the  micrometer  the  amount  that  the  zero  of  the  scale  (centre  notch)  is 
beyond  the  last  graduation  mark  passed  by  a  microscope  as  the  instru- 
ment is  turned  in  a  positive  direction.  If  a  micrometer  thread  be  made 
to  coincide  with  the  graduation  mark,  the  notches  of  scale  between 
thread  and  zero  notch  will  indicate  the  minutes,  and  the  reading  of 
micrometer  head  the  seconds,  that  must  be  added  to  the  reading  of  the 
graduation  to  give  position  of  the  zero  of  micrometer  scale. 

The  best  arrangement  for  micrometer  threads  is  two  parallel  threads 
at  such  distance  apart  that  a  graduation  may  be  seen  distinctly  between 
them. 

In  order  that  the  micrometer  shall  indicate  the  exact  second  for  any 
reading,  it  is  necessary  that  it  be  so  adjusted  that  the  thread  will  move 
over  an  aliquot  part  of  a  space  on  the  circle  for  each  revolution  of  the 
screw.  To  make  this  adjustment,  let  the  instrument  be  firmly  clamped 
and  consecutive  readings  made  on  two  graduation  marks  under  the 
microscope.  If  the  number  of  revolutions  made  in  moving  the  thread 
backward  over  the  space  is  too  small,  the  microscope  tube  is  too  short, 
and  should  be  adjusted  by  loosening  the  set-screw  of  objective  and 
screwing  it  out  a  few  turns.  By  making  another  set  of  readings  on  the 
graduation  marks  a  simple  proportion  between  the  results  from  the  two 
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sets,  and  the  number  of  turns  given  the  objective  will  give  the  amount 
of  adjustment  still  needed. 

This  adjustment  requires  that  the  actual  value  of  the  space  between 
the  graduation  marks  be  known,  and  since  the  graduation  is  subject  to 
both  accidental  and  periodic  errors,  this  value  should  be  determined 
from  comparison  with  the  mean  of  a  number  of  spaces  equally  distri- 
buted around  the  circle. 

By  comparing  the  test  space  with  the  zero  space  of  each  10  degrees 
around  the  circle,  the  mean  value  obtained  from  the  difference  may  be 
assumed  to  be  practically  free  from  the  effect  of  accidental  and  periodic 
errors  of  graduation.  The  test  space  should  be  read  over  for  each  com- 
parison, otherwise  any  change  in  value  of  revolution  would  produce 
errors  in  the  differences. 

Let  a,  a',  etc.,  be  the  difference  between  test  space  and  each  even 
ten  degree  space  around  the  circle,  and  /\s  be  the  correction  to  the  test 

space,  then  /\s  =  ^3^ 
00. 

Changes  of  temperature  produce  slight  variations  in  the  distance  of 
objective  from  the  circle,  causing  corresponding  changes  in  the  value  of 
the  revolution,  which  should,  therefore,  be  determined  for  each  series 
of  observations. 

Let  s  =  mean  value  of  a  space  on  the  circle, 
/\s  =  correction  of  the  test  space, 
s'  =  value  of  test  space  given  by  micrometer, 
^  =  correction  for  run  of  micrometer  for  I'.O. 

(g  j_    A  c\ e' 

Then  .^  =  ^ —        — —  in  which  the  upper  sign  is  to  be  used  when 

the  test  space  is  larger  than  the  mean  space. 

An  error  frequently  made  is  to  give  this  correction  an  erroneous 
sign. 

Since  the  numbers  on  the  micrometer  head  increase  as  the  thread 
moves  backward  over  the  circle,  the  reading  made  on  the  second  gradu- 
ation mark  of  test  space  should  be  subtracted  from  that  made  on  the 
first.  The  value  of  s  thus  obtained,  when  substituted  in  the  above 
formula,  will  give  the  value  of  ^  with  its  proper  sign,  Avhich,  multiplied 
by  the  number  of  revolutions  of  any  reading,  gives  the  correction  for  run. 

The  errors  to  which  azimuth  observations  are  liable  may  be  divided 
into  two  classes — accidental  and  instrumental. 


288 

The  former  are  usiially  due  to  atmospheric  disturbance  and  errors  of 
reading,  and  can  only  be  eliminated  by  taking  such  a  number  of  obser- 
vations that  the  mean  will  probably  be  free  from  their  effect.  The  latter 
arise  from  errors  of  graduation  and  from  imperfect  adjustments  of  the 
instrument,  and  should  be  eliminated  by  arranging  the  observation  so 
that  the  algebraic  sum  of  the  corrections  for  the  final  result  will  be 
zero. 

The  periodic  errors  of  graduation  may  be  expressed  by  the  following 
formula  :  — Ex-—ai  sin.  [x^  -\-  h)  4-^2  sin.  [x^  +^2)  +>  etc.,"^  in  which 
Ex  is  the  periodic  error  corresponding  to  the  readings;,  and  «i  «2  ^i 
etc.  are  constants  depending  on  the  instrument. 

If  an  instrument  is  read  by  means  of  n  equidistant  microscopes  it 
may  be  shown  that  the  mean  of  the  n  readings  will  be  effected  by  only 
that  portion  of  the  periodic  error  due  to  the  terms  of  the  equation 
involving  nx  and  multiples  of  nx,  and  that  if  the  circle  is  shifted  after 
each  set  an  amount  equal  to  the  angular  distance  between  microscopes 
divided  by  the  number  of  sets  it  is  proposed  to  take,  the  mean  result  will 
be  practically  free  from  the  effect  of  periodic  error  of  graduation.  If  it  is 
proposed  to  observe  six  sets,  the  circle  should  be  shifted  approximately 
30°  after  each  set  for  a  two  microscopic  instrument  and  20°  after  each 
set  for  a  three  microscopic  instrument. 

It  is  not  desirable,  however,  to  shift  the  circle  exactly  the  same 
amount  for  each  setting,  as  a  difference  of  a  few  minutes  will  have  no 
practical  effect  on  the  elimination,  and  slight  ranges  in  the  settings  will 
have  a  tendency  to  give  opposite  signs  to  the  correction  for  run  of 
micrometers  for  the  different  sets. 

The  greatest  source  of  error  in  azimuth  observations  is  probably 
due  to  lack  of  precision  in  determining  the  inclination  of  the  rotation 
axis. 

The  correction  to  the  inclination  for  inequality  of  pivots  may  be 
determined  by  the  same  method  given  for  field  transit,  but  it  is  at  best 
an  uncertain  quantity,  and  should  be  eliminated  as  nearly  as  possible 
from  the  mean  result.  If  in  reversing  the  telescope  the  pivots  be  re- 
tained in  their  respective  wyes  for  both  positions,  the  pivot  correction 
will  have  opposite  signs  before  and  after  reversal,  and  if  an  equal 
number  of  observations  are  made  for  each  position  the  mean  will  not  be 
effected  by  this  error. 

*  Chauvenet's  Astronomy,  Vol.  II.,  p.  53. 
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The  value  of  the  divisions  of  the  striding  level  may  be  determined  by 
same  method  given  for  transit  level,  and  should  be  tested  for  different 
temperatures,  as  the  difference  of  the  expansions  of  the  metal  and 
glass  sometimes  produces  a  strain  on  the  tube  that  may  materially  alter 
its  curvature. 

The  English  practice  of  setting  level  tubes  with  plaster  of  paris  is 
especially  faulty,  as  it  is  not  an  uncommon  occurrence  for  tubes  thus  set 
to  change  value  of  division  over  100  per  cent,  from  ordinary  variations 
of  temperature. 

The  usual  arrangement  for  illuminating  a  telescope  by  means  of  a  lamp 
attached  to  one  of  the  wyes  is  also  liable  to  produce  discrepant  results, 
due  to  the  effect  of  the  heat  from  the  lamp  on  the  axis,  wyes  and  level. 
For  precise  work  the  lamps  should  be  placed  on  supports,  at  least  one 
foot  distant  from  the  instrument,  and  arranged  with  screens  for  shutting 
off  the  heat. 

The  results  from  observations  obtained  with  lamp  attached  to  the 
instrument  usually  show  discrepancies  that  have  the  appearance  of 
being  due  to  a  change  of  coUimation,  but  in  reality  are  the  effect  of 
the  level  readings  not  indicating  the  true  inclination  of  the  rotation 
axis. 

The  coUimation  error  should  be  made  as  small  as  possible  by  adjust- 
ing on  a  distant  target,  and  then  eliminated  from  the  mean  result  by 
making  an  equal  number  of  observations  before  and  after  each  reversal. 
The  amount  of  coUimation  may  be  measured  by  making  readings  to  the 
azimuth  signal  for  both  positions  of  the  telescope,  and  will  be  an  excel- 
lent check  on  the  results  obtained  from  the  star  observations. 

Diurnal  aberration  causes   the    stars  to  appear  to  the  eastward  of 

,,    .    ,  .,.      ,  ,  I  ,    0". 308 COS.  A  COS.  CD 

their  true  position  by  an  amount  equal  to  -. 

^  '^  ^  sin.  2 

This  correction  is  always  additive  to  the  azimuth  of  a  line  when 
reckoned  from  the  south  through  360^. 

The  post  on  which  the  instrument  is  to  be  mounted  for  making  the 
observations  should  be  set  as  firmly  as  possible,  and  have  an  observatory 
placed  over  it  to  protect  the  instrument  and  lights  from  the  wind. 

An  ordinary  coal-oil  lantern  arranged  in  a  box  so  that  the  light  may 
shine  through  a  slit  about  one-third  of  an  inch  wide,  and  placed  at  the 
opposite  end  of  the  line  of  which  the  azimuth  is  to  be  determined, 
makes  an  excellent  signal  for  reference  of  the  star  observations.     This 
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signal  should  be  at  least  a  mile  distant,  in  order  that  it  may  be  observed 
with  stellar  focus  of  telescope  without  apparent  parallax. 

In  commencing  a  series  of  observations  the  telescope  may  be  placed 
in  the  meridian  in  precisely  the  same  manner  as  field  transit,  but  in  de- 
termining the  error  of  chronometer  a  slightly  different  method  may  be 
adopted  with  advantage.  By  reading  the  horizontal  circle  for  position 
of  telescope,  when  the  time  observations  are  made,  and  referring  it  to 
direction  of  azimuth  signal,  the  azimuth  constant  for  reduction  of  the 
time  observation  may  be  determined  by  adding  the  angle  thus  obtained 
to  the  azimuth  of  the  signal  deduced  from  the  observations  made  on 
circumpolar  stars. 

The  mean  chronometer  error  obtained  from  the  transits  of  ten  stars 
will  be  sufficiently  accurate  for  reducing  the  azimuth  observations,  but 
if  the  chronometer  or  watch  used  does  not  have  a  regular  rate,  part  of 
the  observations  for  time  should  be  made  at  the  beginning  and  part  at 
the  close  of  the  night's  work. 

The  hour  angles  and  azimuths  at  elongation  of  the  stars  to  be  ob- 
served should  be  computed  from  formulas  16  and  17  previous  to  com- 
mencing work,  to  enable  the  observer  to  set  the  telescope  so  as  to  bring 
the  stars  into  the  field  of  view. 

The  series  of  observations  should  be  commenced  about  twenty  minutes 
previous  to  the  time  of  elongation  of  star  by  making  careful  reading  to 
the  azimuth  signal,  after  which  the  instrument  should  be  turned  in 
azimuth  till  the.  telescope  is  in  plane  of  star  and  firmly  clamped.  If  the 
telescope  be  then  moved  in  altitude  until  vertical  circle  is  at  the  reading 
equal  to  the  latitude  of  place,  the  star  will  be  in  the  field  of  view. 

The  observer  should  then  bisect  the  star  with  collimated  thread  of 
reticule,  and  by  counting  the  beats  of  the  chronometer  note  the  exact 
second  at  which  the  bisection  is  made.  The  micrometers  and  striding 
level  should  then  be  read  as  quickly  as  possible,  and  the  level  reversed  on 
the  pivots  of  telescope,  and  while  the  bubble  is  settling  another  bisec- 
tion of  the  star  should  be  made  in  a  similar  manner,  and  the  correspond- 
ing readings  of  micrometers  and  striding  level  noted.  A  second  reading 
to  the  signal  will  complete  the  set,  and  then  the  telescope  should  be  re- 
versed, the  circle  turned  forward,  and  the  next  set  of  the  series  observed 
in  the  same  manner  as  the  preceding. 

Let  <i  =  the  value  of  one  division  of  the  level  scale,  e,  w  and  e',  w'  the 
respective  readings  of  east  and  west  end  of  striding  level  before  and  after  , 
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reversal  on  the  pivots,  and  h  ■=  the  correction  to  azimuth  for  inclination 

of  axis,  then   I  =  4"  [("'  +  w')  -  [e  +  e')  ~]^^^^^    (17). 
4  L  J  COS.  cp 

This  correction  for  inclination  of  axis  must  be  subtracted  from  the 
result  for  azimuth  of  the  signal,  when  the  sum  of  the  readings  of  west 
end  of  scale  are  the  greater. 

The  mean  of  four  sets  of  observations  with  two  reversals,  if  carefnllv 
made,  will  usually  give  a  result  for  azimuth  with  a  probable  error  of  less- 
than  Ol'^O. 

For  precise  work,  the  four  standard  circumpolar  stars  given  in 
"American  Ephemeris"  are  usually  observed  on  four  different  nights, 
and  for  secondary  work,  two  of  these  stars  at  different  elongations  are 
observed  on  two  different  nights.  The  azimuth  of  meridian  lines  for 
State  and  county  surveys  are  seldom  required  closer  than  to  the  nearest 
05''.  0,  and  as  an  error  of  one  second  of  time  in  an  observation  on  Polaris 
produces  only  00". 3  error  in  the  computed  azimuth,  it  is  evident  that  if 
the  chronometer  error  be  determined  from  the  transits  of  four  or  five 
time  stars  with  an  ordinary  theodolite,  then  the  results  for  azimuth  from 
observations  on  Polaris  at  any  hour  angle  will  not  be  materially  affected 
by  the  error  in  the  time  determination.  A  convenient  length  of  meridian 
line  for  State  surveys  and  for  testing  the  deviation  of  the  magnetic  needle 
is  about  one  mile,  the  ends  of  which  should  be  marked  with  permanent 
reference  stones. 

A  good  form  of  mark  for  this  purpose  consists  of  a  flat  stone  about 
li  feet  square,  with  a  copper  bolt  leaded  in  the  upper  surface. 
By  setting  the  reference  stone  about  4  feet  deep,  with  an  earthern  tile 
placed  above  it,  there  will  be  but  little  liability  of  the  mark  being  dis- 
turbed, while  the  tile  enables  the  engineer  to  centre  an  instrument  or 
target  accurately  over  the  bolt. 

In  establishing  a  meridian  line  of  this  kind,  if  the  theodolite  be  placed 
over  one  of  the  reference  points,  and  the  signal  light  approximately  in 
the  direction  of  the  line,  the  second  point  may  be  determined  by  laying 
off  an  offset  from  the  line  equal  to  the  distance  between  reference  points, 
multiplied  by  the  tangent  of  the  observed  azimuth. 

The  observed  transits  of  three  equatorial  stars  across  the  collimated 
thread  for  direct  and  reversed  positions  of  the  telescope  of  theodolite 
will  give  the  error  of  watch  with  suflticient  accuracy,  and  the  mean  of  two 
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series  of  ten  readings  each  between  the  signal  and  Polaris  should  give  the 
azimuth  of  the  line  within  the  required  limits  of  precision. 

To  establish  a  meridian  line  accurately  enough  for  testing  the  devia- 
tion of  the  magnetic  needle  is  so  simple  a  matter  that  it  should  be  re- 
quired bj  law  of  every  county  surveyor.  A  record  of  the  magnetic 
variation  could  thus  be  obtained  for  a  great  number  of  localities,  and 
reliable  magnetic  charts  formed  for  the  whole  country. 

Measukement  of  Angles. 

The  accuracy  with  which  angles  can  be  measured  depends  on  the 
precision  of  the  theodolite  used  and  the  rapidity  with  which  the  ob- 
servations are  made,  and  since  the  error  in  reading  a  circle  with 
micrometers  is  less  than  the  error  of  pointing,  it  is  evident  that  angles 
measured  with  a  micrometer  theodolite,  with  the  same  conditions,  will 
be  much  more  accurate  than  results  obtained  by  repetitions  with  a 
vernier  instrument. 

The  principal  source  of  error  in  pointing  is  due  to  the  atmospheric 
disturbance  along  the  lines  of  sight,  and  can  only  be  eliminated  by 
miking  the  observations  under  as  many  different  conditions  as  possible. 

In  the  adjustment  of  a  system  of  triangulation  through  New  York 
State  a  few  years  since,  it  was  found  that  for  a  large  section  of  the  work 
angles  similarly  situated  in  triangles  received  corrections  having  like 
signs.  From  an  examination  of  the  field  notes,  it  was  found  that  over 
four-fifths  of  the  measurements  were  made  while  a  cool  north  wiad  was 
blowing  at  nearly  right  angles  to  the  direction  of  the  system,  and  as  one 
line  of  stations  was  on  much  higher  land  than  the  other,  the  lines  of 
sight  were  along  inclined  surfaces,  crossed  by  currents  of  air  of  unequal 
densities.  Lateral  refraction  was  therefore  produced,  and  where  the 
conditions  were  the  same  for  angles  similarly  situated,  errors  having  like 
signs  were  liable  to  occur.  The  remeasurement  of  several  of  these  angles 
under  different  conditions  substantially  confirmed  this  conclusion. 

In  order  to  see  over  intervening  obstacles  on  lines  of  primary  trian- 
gulation, it  is  usually  necessary  to  make  the  observations  on  stations  of 
10  feet  to  100  feet  in  height. 

These  stations  are  built  in  two  parts — the  inner  part  consisting  of  a 
tripod  of  heavy  timber,  well  counterbraced,  for  supporting  the  instru- 
ment, and  the  outej:  part  a  similar  frame,  built  independent  of  the  tripod, 
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for  supporting  the  platform  on  which  the  observers  stand  while  making 
measurements. 

The  action  of  the  heat  from  the  sun  as  the  different  sides  of  the  tripod 
are  successively  illuminated  during  the  day  gives  the  station  a  slight 
twisting  motion,  which  is  usually  quite  regular  during  the  day,  but 
changing  to  opposite  directions  after  sundown,  and  continuing  to  turn 
backwards  until  the  station  regains  its  normal  state. 

Assuming  that  the  twist  of  the  station  is  regular,  if  an  angle  be  read 
in  both  positive  and  negative  directions  in  equal  times,  one  result  will  be 
as  much  too  large  as  the  other  is  too  small. 

Hence,  where  precision  is  required,  readings  must  be  made  as  quickly 
as  possible,  in  nearly  equal  times,  and  with  telescope  moved  in  opposite 
directions  for  each  alternate  measurement. 

The  mean  of  a  positive  and  negative  measurement  of  an  angle  is 
usually  termed  a  set,  sixteen  of  which,  if  measured  with  a  good  theodo- 
lite and  under  different  atmospheric  conditions,  should  give  a  mean 
result  of  sufficient  accuracy  for  primary  triangulation. 

The  method  adopted  by  most  engineers  for  measuring  angles  with 
a  non-repeating  theodolite,  is  to  read  consecutively  to  each  station  in 
sight,  and  closing  the  series  by  sighting  to  the  initial  station.  A  second 
series  is  then  read  in  the  opposite  order  of  stations,  completing 
the   set. 

The  difference  of  the  readings  to  the  consecutive  stations  gives  the 
respective  angles,  the  sum  of  which  should  equal  360°.  This  condition, 
however,  may  lead  to  erroneous  results,  for,  unless  the  difference  of  the 
sum  of  the  angles  from  360-^  be  due  to  a  regular  twisting  of  the  tripod 
and  instrument,  it  should  affect  only  those  angles  during  the  measure- 
ment of  which  some  change  took  place  in  the  position  of  the  circle. 

If,  however,  each  angle  be  read  separately,  the  closing  condition  will 
add  greatly  to  the  accuracy  of  the  work. 

This  requires  more  time  than  is  usually  advisable  to  spend  on  the 
work,  and  when  a  number  of  angles  are  to  be  measured  at  a  station,  a 
convenient  method  is  to  measure  them  in  sets  of  two  or  three  angles 
each.  This  allows  the  observer  tc  read  over  the  more  difficult  lines  at 
those  times  when  the  conditions  are  the  most  favorable,  which  cannot 
always  be  done  when  all  the  stations  are  included  in  the  same  series. 

After  each  series  of  readings  on  an  angle  or  set  of  angles,  the  circle 
should  be  turned  forward  an  amount  equal  to  the  angular  distance  be- 
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tween  microscopes,  divided  by  the  number  of  series  it  is  proposed  to 
observe. 

When  the  micrometer  readings  on  the  test  space  indicate  that  a  cor- 
rection for  run  is  required,  much  labor  may  be  saved  by  computing  the 
correction  for  the  mean  angle  instead  of  for  each  individual  reading. 
Let  ±  r  =  the  correction  for  run  for  one  revolution  of  micrometer,  and 
±  A'>  A"  ±>  Gtc,  the  difference  on  the  micrometer  scale  of  the  two  read- 
ings for  each  measurement  of  the  angle,  then  for  the  mean  of  n  observa- 
tions the  correction  will  be  — —r 

n 

The  instrument  and  signal,  when  not  placed  directly  over  the  geo- 
detic points,  must  be  so  located  that  the  corrections  to  the  angles  due  to 
their  eccentric  positions  may  be  computed.  If  a  small  theodolite  be 
placed  at  a  short  distance  from  the  station  in  line  with  some  other  station, 
and  sighted  alternately  to  the  instrument  and  to  a  plumb  line  over  the 
geodetic  point,  the  ordinate  of  the  two  with  reference  to  the  line  may  be 
measured  on  a  scale  placed  behind  the  plumb  line  at  right  angles  to  the 
line  of  sight.  The  ordinates  of  the  instrument  or  signal  with  reference 
to  the  geodetic  point  for  two  positions  at  right  angles  to  each  other  will 
enable  the  observer  to  compute  the  correction  for  any  direction. 

Accidental  errors  of  observation  are  as  liable  to  be  plus  as  minus,  and, 
unless  large,  usually  have  but  little  effect  on  the  mean  result,  but  if  from 
any  cause  an  error  having  a  constant  sign  be  made  at  several  of  the 
stations  of  the  system,  the  effect  on  the  comparison  of  bases  may  be 
such  as  to  render  the  work  apparently  worthless. 

Errors  of  this  class  are  usually  due  to  the  kind  of  signal  used. 

In  triangulation,  where  the  lines  are  from  one  to  five  miles  long,  it  is 
customary  with  many  engineers  to  use  cylindrical  or  octagonal  targets. 
Hundreds  of  miles  of  triangulation  have  been  measured  in  this  way  in 
the  surveys  made  in  the  United  States,  and  in  many  cases  where  ac- 
curately measured  bases  have  been  connected  by  such  triangulation  the 
computed  and  measured  lengths  have  not  checked  within  limits  that 
would  do  credit  to  ordinary  chaining. 

In  most  cases  the  closure  of  triangles  has  been  good  enough  for  first- 
class  work,  but  the  error  due  to  phase,  although  smaller  for  any  in- 
dividual angle  than  the  accidental  errors,  is  cumulative,  and,  in  a  long 
system  of  triangulation,  may  become  so  large  as  to  render  the  work 
worthless. 
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It  may  be  easily  seen,  by  an  examination  of  a  system  of  triangles, 
that  when  the  direction  of  the  system  is  the  same  as  that  of  average 
illumination  during  the  work,  the  errors  due  to  phase  in  angles  opposite 
the  transverse  sides  in  any  triangle  will  have  opposite  signs,  and  angles 
similarly  situated  in  different  triangles  will  have  errors  with  like  signs. 
Each  line,  therefore,  used  as  a  base  for  computation  of  triangle  sides 
will  be  in  error  by  the  sum  of  all  the  errors  due  phase  in  the  preceding 
triangles.  If  the  system  is  at  right  angles  to  the  average  direction  of 
illumination  the  effect  of  the  errors  on  the  angles  opposite  to  the  trans- 
verse sides  will  be  nearly  eliminated,  but  the  sum  angles  between  the 
side  lines  will  be  too  large  on  one  side  of  the  system  and  too  small  on 
the  other,  causing  the  computed  azimuths  of  the  sides  to  curve  toward 
the  point  of  illumination. 

Since  the  average  direction  of  illumination  during  work  usually 
makes  an  oblique  angle  with  the  direction  of  the  system,  the  effect  of 
phase  will  have  a  tendency  to  produce  errors  in  both  the  lengths  and 
azimuths  of  the  lines. 

For  fixed  targets  black  and  white  are  more  readily  seen  than  other 
colors,  but  on  long  lines  these  colors  are  often  indistinct  unless  well 
illuminated. 

To  obviate  this  difficulty,  the  following  form  of  target  will  be  found 
useful.  Bend  a  stiff  wire  into  a  rectangle  about  4  feet  long,  and  of  such 
width  that  it  will  subtend  about  5  seconds  of  arc  on  line  of  sight,  and 
cover  it  with  black  and  white  cloth.  By  fastening  the  ends  of  the  wire 
in  a  board,  the  target  may  be  fixed  in  position  over  the  geodetic  point, 
and  may  be  seen  with  equal  distinctness  with  the  illumination  from  any 
direction. 

Small  targets  of  this  description  are  especially  well  adapted  for  use  on 
secondary  triangulation. 

On  lines  exceeding  20  miles  in  length  the  heliotrope  is  generally  a 
more  economical  form  of  signal  than  targets,  on  account  of  the  distinct- 
ness with  which  it  may  be  seen  even  through  very  hazy  atmosphere. 

A  good  form  of  heliotrope  for  field  use  consists  of  a  plate  mirror 
about  3  inches  square,  mounted  in  gimbals  so  as  to  have  a  horizontal 
and  vertical  movement  about  its  centre,  and  set  so  that  the  centre  of 
mirror  and  the  centre  of  a  small  aperture  in  a  screen  about  20  feet 
distant  are  in  line  between  the  two  stations.  When  the  heliotrope  is 
turned  so  the  rays  from  the  sun  reflected  from  the  mirror  pass  through 
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the  aperture,  the  reflection  may  be  distinctly  seen  at  observing 
stations. 

Since  the  rays  diverge  from  the  mirror  at  an  angle  equal  to  the  angu- 
lar diameter  of  the  sun,  it  is  not  difficult  to  maintain  the  mirror  in  such 
position  as  will  give  a  steady  signal. 

The  rays  passing  through  an  aperture  an  inch  square  will  be  bright 
enough  for  observing  on  lines  20  to  30  miles  long. 

The  use  of  this  form  of  heliotrope  does  not  require  skilled  labor,  and 
will  give  equally  as  good  results  as  the  more  complicated  forms  of  helio- 
tropes, which  require  an  engineer  to  keep  them  in  adjustment. 

The  heliotrope  is  also  of  great  utility  for  communicating  between 
observing  parties  when  telegraph  lines  are  not  convenient. 

By  making  a  quick  flash  across  the  aperture  of  screen  correspond  to 
a  dot,  and  a  flash  of  a  little  longer  duration  to  a  dash  of  the  Morse  tele- 
graph alphabet,  the  heliotrope  becomes  an  easy  method  of  communica- 
iion. 

Measukement  of  Bases. 

The  principal  difficulty  in  making  an  accurate  measurement  of  a  base 
line  arises  from  the  uncertainty  in  the  length  of  the  measuring  apparatus 
at  the  time  used. 

Two  forms  of  apparatus,  the  compensating  and  the  metallic  thermom- 
eter, are  now  generally  used  in  Europe  and  America  for  measuring  base 
lines,  both  of  which  are  open  to  serious  objections. 

The  compensating  apparatus  consists  of  a  brass  and  an  iron  bar 
firmly  fastened  together  at  the  rear  end  of  apparatus,  and  supported  on 
rollers  in  a  metallic  tube,  so  that  the  bars  are  free  to  move  parallel  to 
each  other  from  unequal  expansions. 

The  free  ends  of  the  bars  are  connected  by  a  compensating  lever  in 
such  a  manner  that  the  unequal  expansions  of  the  bars  retain  a  point  on 
the  lever  at  a  constant  distance  from  point  of  contact  at  the  rear  end  of 
the  tube  for  equal  temperature  of  the  two  bars. 

The  two  metals,  brass  and  iron,  do  not  take  on  and  radiate  heat  with 
equal  rapidity  for  changing  temperatures,  and,  consequently,  in  practice, 
the  bars  will  seldom  be  at  the  same  temperature,  and  the  distance  be- 
tween contacts  will  be  a  varying  quantity. 

The  metallic  thermometer  apparatus  consists,  of  a  steel  and  a  zinc  bar 
fastened  together  at  their  centres  and  supported  on  rollers  in  a  metallic 
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tube,  so  that  the  ends  of  the  bars  are  free  to  move  parallel  to  the  axis  of 
the  tube. 

The  upper  surfaces  of  the  bars  near  their  ends  are  cut  away  to  the 
neutral  plane,  and  are  marked  with  graduations.  The  distance  between 
the  graduations  at  the  ends  of  the  steel  bar  constitutes  the  length  of  the 
standard,  and  the  amount  that  this  distance  changes  with  reference  to 
the  corresponding  graduations  on  the  zinc  bar,  due  to  the  unequal  ex- 
pansions of  the  two  metals,  theoretically  gives  the  change  of  temperature 
that  the  bars  undergo,  but  practically  does  not. 

Recent  experiments  have  shown  that  if  the  length  of  a  zinc  bar  is 
absolutely  known  at  a  certain  temperature,  and  that  if  the  temperature  of 
the  bar  be  raised  several  degrees  and  afterwards  lowered  to  the  original 
temperature,  a  set  will  take  place  and  the  length  of  the  bar  will  be  con- 
siderably greater  than  when  first  derermined.  If  the  temperature  be 
lowered  instead  of  raised,  the  set  will  take  place  in  the  opposite  di- 
rection. 

The  amount  of  this  set  at  any  given  time  will  depend  on  the  last 
change  of  temperature  that  has  taken  place  in  the  bar,  and  conse- 
quently the  temperature  of  the  apparatus  derived  from  the  difference 
in  the  lengths  of  the  zinc  and  steel  bars  may  be  greatly  in  error. 

A  full  description,  with  methods  of  measuring  with  these  two  kinds 
of  base  apparatus,  may  be  found  in  Clark's  Geodesy,  Coast  Survey  Re- 
ports for  1854  and  1880,  and  Professional  Paper  No.  24  of  United  States 
Engineer  Corps. 

If,  instead  of  undertaking  to  determine  the  temperature  that  a  bar  will 
assume  when  used  in  measuring  a  base  line,  the  bar  be  placed  in  a  re- 
ceptacle filled  with  melting  ice,  there  is  no  apparent  reason  why  it  may 
not  be  maintained  at  a  constant  temperature  during  the  entire  measure- 
ment of  a  base  line,  and  which  may  be  reproduced  at  any  time  when 
needed  in  making  comparisons  with  other  standards.* 

The  only  inconvenience  of  this  method  would  be  due  to  the  extra 
weight  of  the  broken  ice  surrounding  the  measuring  bar.  This,  how- 
ever, would  not  affect  the  accuracy  of  the  measurements,  as  the  bar  could 
be  lined  up  on  its  bearings  in  the  receptacle,  for  a  strain  due  to  the 
weight  of  ice  required,  and  if  the  graduations  marking  the  length  of  the 
standard  are  made  on  the  neutral  plane  of  the  bar,  any  slight  changes 


*  This  method  was  originally  suggested  by  Mr.  E.    S.  Wheeler,  but,  I   think,    has  never 
been  practically  tested. 
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of  flexure  due  to  the  varying  weight  of  the  melting  ice  would  not  pro- 
duce a  measurable  error  in  the  length  of  the  standard. 

An  apparatus  of  this  description  could  probably  be  used  more  con- 
veniently as  a  line  measure  than  otherwise. 

The  measuring  tube  having  been  placed  on  trestles  in  line  of  base, 
with  its  rear  end  over  the  reference  stone  marking  end  of  the  line,  a  mi- 
croscope  may  be  mounted  on  a  trestle  at  the  forward  end  of  the  tube, 
and  so  adjusted  that  the  micrometer  thread  will  coincide  with  the  gra- 
duation marking  the  length  of  the  standard.  The  tube  should  then  be 
carried  forward  and  placed  in  line  with  its  rear  graduation  under  the 
micrometer  thread,  and  the  forward  end  marked  with  another  microscope 
as  before. 

The  inclination  of  each  tube  should  be  read  by  means  of  a  sector  and 
level,  attached  at  one  side  of  the  apparatus. 

The  simplicity  and  ease  with  which  observations  may  be  made  with 
an  apparatus  of  this  kind,  and  the  fact  that  no  errors  could  possibly 
arise  from  erroneous  temperatures,  are  strong  arguments  in  its  favor. 

For  State  and  county  surveys  and  secondary  triangulation,  a  steel 
tape  300  feet  to  500  feet  long,  if  properly  used,  furnishes  an  easy  and 
accurate  means  of  measuring  bases. 

The  principal  uncertainty  in  the  length  of  a  base  measured  with  a 
steel  tape  is  due  to  the  error  in  determining  the  mean  temperature  of 
the  tape  during  the  measurement. 

The  time  required  to  measure  a  base  after  the  line  is  properly  staked 
out,  only  amounts  to  a  few  hours,  and  the  contacts  can  be  made  as 
readily  by  means  of  lamps  at  night  as  by  daylight. 

If  small  thermometers  wound  with  steel  wire,  and  attached  to  the  tape, 
are  carefully  read  for  each  measurement,  and  the  observations  made  only 
on  cloudy  days  or  during  the  night,  the  mean  temperature  obtained  will 
be  very  nearly  the  true  temperature  of  the  tape.  The  coefficient  of  ex- 
pansion for  steel  tapes  is  0.0000069,  and  consequently  an  error  of  one 
degree  in  the  mean  temperature  would  produce  an  error  in  the  length  of 
base  of  less  than  half  an  inch  to  the  mile. 

The  modulus  of  elasticity  has  been  found  for  steel  tapes  to  be 
27400000.,  and  as  the  cross  section  of  an  ordinary  tape  is  about  0.002 
square  inches,  a  change  of  tension  of  1  pound  in  measuring  would 
produce  a  diflference  of  about  1  inch  to  the  mile  in  the  measured 
length. 
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In  preparing  a  base  line  for  measurement  stakes  should  be  set  at  in- 
tervals of  25  feet,  with  nails  driven  in  the  sides,  at  an  even  grade  for 
supporting  the  tape,  and  the  difference  of  elevation  of  the  nails  corres- 
ponding to  the  end  of  each  tape  length  determined  by  means  of  a  line 
of  levels. 

Small  wire  hooks,  about  6  inches  in  length,  are  attached  to  the  tape 
every  25  feet,  and  when  placed  on  the  nails  in  the  base  stakes  support 
the  tape  at  an  even  grade,  and  allow  it  free  motion  when  stretched  in 
position  for  marking  contacts. 

In  measuring,  the  tape  is  placed  on  its  supporting  hooks,  with  the 
rear  end  over  the  end  of  base  line  and  its  forward  end  over  a  stake  driven 
firmly  in  the  ground,  so  that  its  top  is  on  the  same  level  as  tape.  The 
tape  is  then  given  the  tension  adopted  for  its  use  (usually  10  pounds), 
the  attached  thermometers  read,  and  the  position  of  forward  end  marked 
with  a  cut  in  the  head  of  a  tack  driven  in  the  stake  under  the  graduation 
mark. 

The  length  of  the  tape  may  be  determined  by  measuring  a  line  of 
known  length  in  exactly  the  same  manner  that  it  is  proposed  to  use  the 
tape  in  measuring  other  lines.  The  large  number  of  base  lines  that  have 
been  measured  in  various  parts  of  the  country  by  the  United  States  En- 
gineer Corps  and  Coast  Survey,  makes  it  an  easy  matter  for  an  engineer 
to  determine  the  length  of  a  tape  measure  without  having  to  resort  to 
comparisons  with  standards. 

With  proper  care,  base  lines  may  be  measured  with  a  steel  tape  as  ac- 
curately as  with  the  secondary  base  apparatus  usually  used  for  this  pur- 
pose. 

Reconnoissance. 

The  locating  of  stations  for  a  good  system  of  triangulation  requires 
more  experience  and  better  judgment  than  any  other  branch  of  geodetic 
work. 

No  general  directions  can  be  given  that  will  be  applicable  to  all  cases, 
except  that  the  engineer  must  be  familiar  with  all  the  principal  topo- 
graphical features  of  the  country  to  be  traversed  by  the  triangulation, 
and  avail  himself  of  every  possible  means  to  determine  the  heights  that 
will  be  required  for  stations  at  the  different  points,  in  order  that  they 
may  be  intervisible. 

The  stations  should  be  so  located,  if  possible,  that  the  angles  of  the 
principal  chain  of  triangles  will  all  exceed  30°. 
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In  secondary  triangulation  the  economy  of  the  work  will  depend  to  a 
large  extent  on  the  skill  with  which  the  reconnoissance  is  made. 

A  single  station  improperly  located  may  occasion  several  days'  labor 
for  the  party  to  clear  the  lines  of  sight,  and  thus,  from  delay  and  damage 
to  property,  materially  increase  the  expense  of  the  work. 

Secondary  systems  of  triangulation  are  generally  located  along  some 
valley  or  river,  and  it  is  possible  in  most  cases  to  so  arrange  the  positions 
of  stations  that  the  lines  of  sight  on  one  side  or  the  other  will  be  clear, 
and  thus  enable  the  observer  to  determine  the  directions  of  the  lines 
which  need  clearing,  with  sufficient  accuracy  that  only  narrow  sight  lines 
need  be  cut. 


^  ---> -JC 

Fig.  3. 

Let  A^  B,  C,  D,  be  four  stations  of  such  a  system,  and  suppose  the 
line  A,  B,  obstructed  by  timber.  Let  flags  be  put  up  at  the  respective 
stations,  and  with  a  sextant  or  small  theodolite  read  the  angles  at  (7,  be- 
tween B,  A  and  B,  and  at  D,  between  A,  B  and  C. 

Assuming  the  length  of  the  side  G,  D,  to  be  unity,  the  relative 
length  of  the  sides  A^  D,  and  B,  D,  may  be  computed  from  the  triangles 
A,  C,  B,  and  B,  G,  B,  which,  with  the  angle  at  B  between  A  and  B,  gives 
two  sides  and  included  angle  in  the  triangle  A,  B,  B,  with  which  to 
compute  the  relative  direction  of  the  side  A,  B. 

It  sometimes  so  happens  that  the  stations  are  not  intervisible  over 
both  the  diagonals,  in  which  case  a  temporary  station,  C",  can  generally 
be  so  located  that  the  points  A,  B  and  G  will  be  visible,  and  the  necessary 
angles  measured  for  locating  the  direction  of  ^,  B. 

The  use  of  this  principle  will  in  many  cases  increase  the  progress  of 
the  work  25  per  cent. 
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By  F.  P.  Stearns,  M.  Am.  Soc.  C.  E. 
Read  at  the  Annual  Convention,  St.  Paul,  Minn.,  June  21st,  1883. 


In  a  paper*  presented  to  the  Society  in  May  of  last  year,  mention 
was  made  of  a  current-meter  used  on  the  Boston  Water  Works,  and  a  brief 
statement  was  given  of  the  results  of  some  experiments  made  to  test  its 
accuracy.  This  meter  was  designed,  and  the  experiments  were  made, 
under  the  supervision  of  Mr.  A.  Fteley,  M.  Am.  Soc.  C.  E.,  Resident 
Engineer  in  charge  of  the  works. 

As  an  incidental  feature  of  the  current-meter  experiments,  observa- 
tions were  made  (see  Plate  XX.,  p.  324),  which  showed  the  distribution  of 
velocities  at  different  points  in  the  cross-section  of  the  Sudbury  Conduit. 

This  paper  was,  at  first,  intended  to  relate  only  to  the  current-meter, 
but  the  introduction  of  the  plate,  just  referred  to,  suggested  the  addition 
of  some  remarks  on  the  subject  indicated  by  the  second  part  of  the  title. 

The  first  part  of  the  title  is  somewhat  too  general,  as  the  paper  relates 
only  to  current-meters  with  helicoidal  vanes,  aud  more  particularly  to 
the  instrument  as  applied  to  the  accurate  measurement  of  the  flow  in 
channels  of  moderate  size. 

*  Description  of  some  Experiments  on  the  Flow  of  Water  made  during  the  Construction  of 
Works  for  Conveying  the  Water  of  Sudbury  River  to  Boston  ;  by  A.  Fteley  aud  F,  P.  Stearns. 
Transactions  of  the  Society,  Jan.— March,  1883. 
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THE   CURRENT-METER. 


Fig.  1. 

Two  meters  were  used.  The  first  one,  illustrated  by  the  accompany- 
ing cut,*  was  copied  with  but  few  changes  from  meter  No.  1,  used  by 
the  late  Gen.  T.  G.  Ellis,  M.  Am.  Soc.  C.  E.,  during  his  surveys  of  the 
Connecticut  River,  f 

This  instrument  was  frequently  used  for  several  years  to  measure  the 
flow  of  Sudbury  River  and  of  other  channels ;  and  with  the  exception 
that  it  did  not  measure  very  low  velocities,  it  operated  in  a  satisfactory 
manner,  and  its  results  appeared  to  be  trustworthy . 

After  about  five  years'  use  of  the  first  instrument  a  second  one  was 
designed,  which  embodied  the  improvements  suggested  by  experience 
and  a  study  of  the  requisites  of  a  good  meter.  It  is  this  second  instru- 
ment, known  as  meter  No.  2,  which  will  be  referred  to  in  this  paper  ; 
the  cut  of  the  first  instrument  being  introduced  to  show,  by  comparison, 
the  changes  made  in  designing  the  second  one. 

Before  proceeding  with  a  description  of  the  meter,  the  general  requi- 
sites of  a  good  current-meter  will  be  considered.  They  are  conceived  to 
be  as  follows  : 

1.  The  friction  of  its  bearings  should  be  so  small  that  low  velocities 
will  be  registered. 

2.  The  meter  should  be  so  constructed  that  its  rate  will  not  vary,  re- 
quiring : 

*  This  cut,  which  was  made  from  a    photograph  of  the  first  meter,  is  kindly  loaned  by 
Messrs.  Buff  and  Berger,  the  makers  of  both  instruments. 

t  A.ppendix  B  14  of  the  Annual  Report  of  the  Chief  of  Engineers  for  1«78. 


> 


303 

{a.)  The  vanes  and  axis  to  be  protected  from  liability  to  accident. 
{b.)  The  amount  of  friction  of  the  bearings  to  be  practically  con- 
stant. 

3.  The  rate  should  be  the  same  in  clear  water  and  in  water  containing 
sediment,  a  result  which  can  be  attained,  approximately,  by  making  the 
total  amount  of  friction  so  small  that  a  slight  change  in  it  will  be  un- 
important. 

4.  The  wheel  should  be  so  protected  that  it  can  be  used  near  the 
sides  and  bottoms  of  channels. 

5.  The  meter  should  register  the  same  number  of  revolutions  when 
held  in  a  current,  whether  steady  or  variable,  that  it  does  when  moved 
uniformly  with  the  same  mean  velocity  through  still  water. 

6.  It  is  desirable  to  have  a  meter  record  fractions  of  a  revolution,  as 
such  an  arrangement  sometimes  reduces  the  time  required  for  observa- 
tions. 

7.  The  meter  should  be  so  strong  that  it  will  not  be  injured  when 
struck  by  small  floating  substances. 

8  The  apparatus  for  connecting  and  disconnecting  the  recording 
wheels  should  work  with  the  least  possibility  of  failure. 

9.  The  construction  of  the  instrument  should  be  such  that  leaves  and 
straws  catching  upon  it  will  not  seriously  impede  the  movement  of  the 
wheel. 

Description  of  Meter  No.  2. 

The  general  design  of  the  instrument  is  shown  by  Plate  XV. 

The  most  important  change  from  the  design  of  instruments  previously 
made  is  in  the  frame,  which  in  this  instrument  is  situated  both  behind 
and  in  front  of  the  wheel ;  an  arrangement  permitting  the  use  of  two  end 
bearings,  instead  of  one  end  and  one  sleeve  bearing,  and  on  account  of 
the  protection  afforded,  the  use  of  a  very  light  wheel  and  axis.  These 
changes  reduced  the  friction  very  much,  so  that  the  second  meter  regis  • 
tered  with  one- fourth  of  the  velocity  (one-sixteenth  of  the  pressure)  re- 
quired to  turn  the  other. 

Two  wheels  were  provided,  each  0.30  feet  in  diameter  and  0.078  feet 
in  width.  The  wheel  shown  with  the  meter  in  the  illustration  has  eight 
helicoidal  vanes  with  a  pitch  of  0.771  feet ;  the  other  has  ten  helicoidal 
vanes,  one-half  with  a  pitch  of  0.785  feet  alternating  with  the  other  half 
having  a  pitch  of  0.985  feet. 
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The  axis  turns  in  agate  bearings  and  is  made  of  a  hard  composition 
metal,  which  does  not  rust  from  being  wet. 

The  centre  of  gravity  of  the  wheel  and  axis  is  very  exactly  in  the 
centre  of  the  axis.  The  motion  of  the  wheel  is  transmitted  by  gearing 
to  the  recording  wheels  placed  at  the  top  of  the  instrument,  where  they 
can  be  conveniently  read  when  the  instrument  is  used  in  a  man-hole  or 
any  other  place  where  the  light  comes  from  above,  or  where  limited 
room  will  not  permit  the  meter  to  be  turned  on  its  side.  This  arrange- 
ment also  proved  advantageous  when  rating  the  instrument,  as  readings 
could  be  taken  by  raising  the  meter  vertically  a  few  inches,  instead  of 
taking  it  from  the  water  and  turning  it,  as  would  have  been  necessary 
had  the  recording  wheels  been  on  the  side.  At  the  gear  where  the  re- 
cording wheels  were  connected  and  disconnected,  each  tooth  represented 
a  half  revolution  ;  consequently  the  nearest  half  revolution  at  the  begin- 
ning of  an  experiment  was  recorded.  At  the  end  of  an  experiment  there 
was  no  error  in  the  record,  since  the  revolution  of  the  recording  wheels 
was  stopped  immediately  by  throwing  them  against  a  spring.  The 
wheels  were  thrown  into  and  out  of  gear  by  mechanism  so  arranged  that 
one  pull  of  a  string  threw  them  into  gear,  while  a  second  pull  threw  them 
out.  The  band  around  the  wheel  is  a  feature  which  appears  in  many  of 
the  instruments  made  at  the  present  day,  but  was  not  used  in  the  earlier 
forms  of  the  instrument,  and  has  not  been  adopted  in  the  meters  de- 
signed more  recently  by  Harlacher,  Revy,  Deacon  and  Shaw.  From  a 
practical  point  of  view  it  is  a  very  valuable  feature,  as  it  holds  the  ends 
of  the  vanes  securely  and  prevents  change  in  their  form  from  slight  ac- 
cidents, and  consequent  change  in  the  rate  of  the  instrument.  As  a 
further  precaution  against  accident,  and  to  allow  readings  to  be  taken 
very  near  the  side  of  a  channel,  a  strong  wire  was  put  around  the  wheel 
a  short  distance  outside  of  the  band. 

When  in  use  the  meter  was  fastened  to  the  end  of  a  brass  tube  which 
served  as  a  handle.  A  line  along  the  back  of  the  tube  indicated  the 
direction  of  the  axis  when  the  instrument  could  not  be  seen.  No  tail 
was  attached,  as  experience  had  shown  that  it  has  no  value  on  a  meter 
held  by  a  rigid  handle. 

Rating  a  Meter. 

When  a  meter  is  used  in  a  current,  the  record  gives  the  number  of 
revolutions ;  to  reduce  revolutions  to  velocity,  it  is  necessary  that  the 
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instrument  should  first  be  rated.  This  is  usually  done  bj  moving  it  at  a 
uniform  rate  through  still  water,  the  distance  and  time  being  noted. 

For  rating  meter  No.  2,  a  simple,  temporary  apparatus  was  con- 
structed in  the  Sudbury  Conduit,  with  which  accurate  results  were 
rapidly  obtained. 

Plate  XVI.  shows  most  of  the  apparatus  used .  Fig.  1  is  a  cross-section 
of  the  track,  showing  its  position  in  the  conduit.  The  length  of  the 
track  was  140  feet ;  100  feet  in  the  middle  of  this  length  was  used  as  a 
course  for  observations,  the  remaining  portions,  20  feet  at  either-  end, 
being  lengths  in  which  a  uniform  movement  of  the  meter  was  acquired. 

Figs.  2  and  3  show  respectively  a  back  and  end  view  of  the  car  in 
position  on  the  track.  The  arrangement  for  attaching  the  meter  to  the 
car  was  such  that  the  meter  could  be  faced  in  either  direction,  and  fast- 
ened with  its  axis  parallel  with  the  track.  A  stop-watch,  A,  was  fast- 
ened to  the  car  near  its  top,  and  was  used  to  record  the  time  occupied 
in  passing  the  length  of  the  course.  The  recording  wheels  of  the  meter 
were  connected  and  disconnected  automatically  at  the  beginning  and 
end  of  the  course  by  apparatus  arranged  as  follows  : 

A  T'-shaped  piece,  B,  was  fastened  to  the  car  by  a  single  screw  near 
its  middle,  on  which  it  turned  freely.  From  both  ends  of  the  top  of  this 
piece,  cords,  C,  C,  led  to  one  end  of  the  lever,  IJ,  which  was  connected 
at  its  other  end  with  the  mechanism  on  the  meter  by  the  cord  E. 

At  each  end  of  the  course  a  pin  projected  from  the  side  of  the  track, 
and  as  the  car  passed  in  either  direction  the  T'-shaped  piece  struck  the 
pin  and  rotated,  drawing  down  on  one  or  the  other  of  the  cords,  C,  C, 
thus  operating  the  lever  D,  and  through  it  the  cord  leading  to  the  meter. 
The  apparatus  was  brought  back  to  its  original  position  by  a  strong 
rubber  band,  F. 

The  car  was  pushed  by  hand,  and,  to  secure  uniformity  of  movement, 
the  strokes  of  a  small  bell,  G,  sounded  by  one  of  the  car  wheels  at  each 
revolution,  were  made  to  coincide  with  the  ticks  of  a  metronome.  With 
small  velocities  the  bell  was  sounded  two  or  four  times  at  each  revolu- 
tion, and  with  the  smallest  velocities  the  car  was  drawn  over  a  shorter 
course  by  a  cord  winding  upon  a  small  axle  at  a  uniform  rate. 

Two  guards,  H,  H,  were  attached  near  the  ends  of  the  car  to  prevent 
injury  to  the  meter  should  the  car  wheels  run  off  the  track. 

The  water  in  the  conduit  was  controlled  by  a  dam,  and  there  was  no 
current. 


Track  and  Car   used  in  the 
Sudbury  Conduit  for  ratinc 
Current  Meteb  No.S. 
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It  will  be  observed  that  the  car,  running  on  a  single  rail,  will  not  sup- 
port itself  in  a  vertical  position  ;  on  this  account'a  car  with  four  wheels, 
running  on  a  track  with  two  rails,  would  be  somewhat  more  convenient. 
The  accuracy  of  the  rating  would  probably  be  the  same  in  either  case. 

The  results  of  the  rating  of  the  two  wheels  are  shown  by  the  accom- 
panying diagram  (Plate  XVIL),  which  explains  itself. 

The  rating  with  slow  velocities  is  omitted  to  avoid  confusion  in  the 
drawing. 

The  vanes  of  the  wheels,  being  helicoidal,  would,  theoretically,  /.  e., 
if  there  were  no  slips,  make  one  revolution  when  advanced  a  distance 
equal  to  their  pitch  ;  consequently  from  the  data  already  given  about  the 
pitch  of  the  vanes  we  find  the  theoretical  number  of  revolutions  of  the 
eight- vane  wheel  per  foot  advance  to  be  1.296,  and  of  the  two  sets  of 
vanes  qf  the  ten-vane  wheel  to  be  1.273  and  1.015,  making  an  average  of 
1.144.  The  theoretical  numbers  of  revolutions  here  given  are  repre- 
sented on  the  diagram  by  straight  lines  marked  A,  B  and  G. 

It  will  be  noticed  that  the  curves  of  rating  are  quite  similar  in  form. 

The  eight-vane  wheel  begins  to  revolve  with  a  velocity  of  0.104  feet 
per  second  ;  with  a  velocity  of  0.30  feet  it  gives  0.950  revolutions  to  each 
foot  advanced  (73  per  cent,  of  the  theoretical  number)  ;  with  velocities 
of  2.2  feet  and  of  6.5  feet  it  gives  1.237  revolutions  (95^  per  cent,  of  the 
theoretical  number),  while  with  velocities  between  these  the  number  of 
revolutions  is  smaller,  causing  a  sag  in  the  curve.  This  peculiar  sag 
may  also  be  seen  in  the  curve  of  the  ten-vane  wheel,  and  it  appeared  in 
the  curve  of  meter  No.  1  ;  the  cause  of  it  is  not  known. 

The  ten- vane  wheel  began  to  revolve  with  a  velocity  of  0.094  feet  per 
second. 

The  close  agreement  between  the  diflferent  observations  and  the 
curves  indicates  that  a  meter  may  be  rated  with  a  high  degree  of  ac- 
curacy. A  variation  of  about  one  per  cent,  is  represented  by  the 
diameter  of  the  circles,  and  it  may  be  noticed  that  the  centres  of  but  few 
circles  are  distant  from  the  curve  even  one-half  of  this  amount.  The 
single  observations  represented  by  the  crosses  are  more  irregular  ;  yet 
there  are  but  few  instances  in  which  the  error  exceeds  one  per  cent. 

Miscellaneous  Observations  about  Rating  a  Meter. 
The  rating  of  meter  No.  2,  which  included  196  observations  with  the 
ten-vane,  and  147  observations  with  the  eight-vane  wheel,  was  done  by 
two  persons  in  four  days,  notwithstanding  some  of  the  time  was  oc- 
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cupied  in  adding  apparatus  for  dra^  lag  the  car  at  a  uniform  rate  with 
slow  velocities,  and  in  making  experiments  upon  irregular  and  angular 
movements,  to  be  described  further  on. 

An  extract  from  the  note-book  is  given  below  as  a  sample  of  the 
agreement  of  successive  observations  with  nearly  the  same  velocity.  It 
is  a  fair  specimen  of  the  results  obtained  with  ordinary  velocities  : 

Eating  of  the  Eight- vane  Wheel,  Januaey  25th,  1879. 


1 

'4 

3 

Revolutions  per 
100  Feet. 

Time  per  100  Feet. 
Seconds. 

Velocity  in  Feet 
per  Second. 

119.8 

88.0 

1.136 

120.4 

89.0 

1.124 

• 

120.1. 

88.5 

1.130 

Averages. 

121.1 

75.0 

1.333 

121.4 

76.6 

1.305 

121.25 

75.8 

1.319 

Averages. 

122.4 

63.0 

1.587 

122.4 

67.6 

1  479 

, 

122  2 

65.8 

1.520 

122.33 

65.5 

1  529 

Averages. 

122.8 

61.8 

1  618 

122  7 

61.8 

1  618 

122.75 

61.8 

1.618 

Averages. 

123.3 

53.0 

1.887 

123  6 

52.2 

1.916 

123.45 

52.6 

1.901 

Averages. 
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The  quantities  in  the  first  column  are  differences  between  the  read- 
ings of  the  counting  wheels  at  the  beginnings  and  ends  of  experiments. 
The  quantities  in  the  second  column  are  the  direct  readings  of  the  stop- 
watch. The  quantities  in  the  third  column  were  readily  obtained  from 
those  in  the  second  by  the  use  of  a  table  of  reciprocals .  It  will  be  seen 
that  the  choice  of  a  course  of  odd  length  would  not  have  allowed  the  use 
of  the  table,  and,  consequently,  would  have  increased  the  office  work 
very  much. 

Columns  1  and  3  furnish  all  the  data  required  to  plot  a  curve  similar 
to  those  shown  on  Plate  XVII.  Such  a  curve,  however,  though  best  suited 
to  show  the  results  of  the  rating,  is  not  suitable  for  practical  use,  and 
another  curve  must  be  constructed  which  will  have  the  same  abscissae, 
but  in  which  the  ordinates  will  be  revolutions  per  second  instead  of 
revolutions  per  foot  advance.  These  new  ordinates  are  obtained  by 
multiplying  the  ordinates  of  the  first  curve  by  the  corresponding  ab- 
scissae, a  work  involving  but  little  labor  when  the  points  are  so  chosen 
that  one  of  the  multipliers  is  an  even  unit  or  tenth. 

Before  rating  a  new  meter,  it  is  well  to  place  it  in  a  current  where  the 
wheel  may  revolve  long  enough  to  wear  the  bearings  to  the  condition 
they  will  assume  when  in  use. 

No  oil  should  be  used,  as  it  is  gradually  removed  by  the  water,  and 
a  variable  friction  is  caused  thereby. 

Tests  of  the   Accukact   of   a   Metek  when  used  to  Measure   the 

Velocity  of  a  Current. 

The  rating,  already  described,  gives  the  relation  between  revolutions 
and  velocity,  when  the  meter  is  moved  through  still  water  at  a  uniform 
rate.  The  question  now  arises,  is  this  relation  the  same  when  the  meter 
is  stationary  and  the  water  flows  past  it?  The  conditions  may,  at  first 
thought,  seem  to  be  identical,  but,  on  closer  examination,  appre- 
ciable differences  in  them  will  be  found;  not  that  it  makes  any  difference 
in  the  impact  on  the  vanes  whether  it  is  the  meter  or  the  water  that 
moves,  but  because  water  in  a  channel  does  not  move  forward  uniformly 
in  parallel  lines,  nor  is  the  velocity  in  different  parts  of  the  channel  the 
same.  On  the  contrary,  the  flow  past  any  point  in  a  channel  may  be 
variable  in  velocity  and  not  parallel  with  the  axis  of  the  current,  and 
the  velocities  at  two  points  not  further  apart  than  the  diameter  of  the 
wheel  of  the  current-meter  may  be  quite  different. 
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To  determine  the  effect  of  these  different  conditions,  and  whether  a 
meter  will  give  correct  results  as  used  in  practice,  many  experiments 
were  made;  the  subject  was,  however,  first  examined  theoretically,  as  a 
guide  to  making  the  experiments.  Following  the  same  order  in  this 
paper,  the  theory  will  first  be  discussed,  and  the  results  obtained  from 
the  experiments  will  be  presented  later. 

Some  terms  which  have  proved  convenient  for  use  in  connection 
with  meter  measurements  are  defined  below: 

Point  Measurement. — A  measurement  in  which  the  mean  velocity  is 
deduced  from  observed  velocities  at  each  of  several  points  in  the  cross- 
section  of  a  channel. 

Integrated  Measurement. — A  measurement  in  which  the  mean  velocity 
is  determined  at  one  operation  by  moving  the  meter  through  all  parts  of 
a  cross-section  in  such  a  manner  that  it  moves  through  equal  divisions 
in  equal  times. 

Rate  of  Integrating. — The  rate  of  speed  at  which  the  meter  is  moved 
in  the  cross-section  of  a  channel  while  integrating. 

Forward  Velocity.^ — The  component  of  the  actual  velocity  at  any 
point  which  is  parallel  with  the  axis  of  the  current;  also,  when  moving 
a  meter  through  still  water,  the  component  of  the  velocity  of  the 
motion  which  is  parallel  with  the  axis  of  the  meter. 

Side  Velocity. — The  component  of  the  actual  velocity  which  is  per- 
pendicular to  the  axis  of  the  current;  also,  when  moving  a  meter 
through  still  water,  the  component  of  the  velocity  of  the  motion  which 
is  parallel  with  the  axis  of  the  meter. 

COMPAKISON   OF   CONDITIONS   OF   KaTING   AND   MEASURING. 

Using  as  a  basis  for  comparison  the  conditions  existing  during  the 
uniform  movement  of  a  meter  through  still  water  in  the  direction  of  its 
axis,  the  differences  which  are  found  when  measuring  in  a  channel  will 
be  considered  in  some  detail: 

1.    The  velocity  is  variable. 

Some  of  the  experiments  of  Mr.  James  B.  Francis,  Past  President 
Am.  Soc.  C.  E. ,  showed  that  the  variations  in  the  velocity  in  particular 
parts  of  a  flume  were  very  marked,  even  when  the  mean   velocity  was 
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<;onstant.  He  says:*  *' The  variations  extend  from  8 .57  per  cent,  above 
the  mean  to  11.40  per  cent,  below;  the  average  variation  in  thirty  ob- 
servations in  different  parts  of  the  width  of  the  flume  being  about  3.12 
per  cent. 

These  variations  are  deduced  from  the  mean  velocities  of  the  floating 
tubes  through  a  course  of  70  feet ;  the  variations  in  some  parts  of  the 
course  must  have  largely  exceeded  these  averages.  The  variations  in 
velocity  just  described  are  deduced  from  exact  observations  in  differ- 
ent parts  of  the  width  of  the  stream;  similar,  and  probably  greater 
variations  must  occur  in  different  parts  of  the  depth." 

Major  Cunningham  remarks:!  "  It  was  found  in  the  Roorkee  experi- 
ments that  the  range  of  velocities  deduced  from  a  number  of  similar 
floats  run  in  rapid  succession  over  nearly  the  same  float-course  was  com- 
monly 20  per  cent,  of  the  mean.  In  some  of  Harlacher's  experiments  a 
current-meter  was  fitted  with  electric  connections  so  as  to  record  every 
revolution ;  the  variations  amount  to  from  20  per  cent,  in  surface  veloci- 
ties to  50  per  cent,  in  bed  velocities  in  a  few  seconds." 

These  quotations  show  that  the  flow  of  water  is  not  at  all  steady,  and 
they  indicate  the  amount  of  variation  which  may  occur. 

In  the  case  of  an  integrated  measurement,  the  water  will  strike  the 
meter  with  a  variable  velocity,  even  if  the  flow  is  steady,  on  account  of 
the  passage  of  the  meter  through  the  different  parts  of  the  channel  where 
the  velocities  are  not  the  same. 

The  effect  of  variable  velocities  upon  a  meter  measurement  may  be 
tested  by  comparing  an  ordinary  rating  with  one  made  by  moving  the 
car  at  an  irregular  rate;  also  by  comparing  meter  measurements  of 
steady  and  variable  currents  when  the  volume  flowing  is  known  or  con- 
stant. 

2.    The  water  may  strike  ike  meter  at  an  angle  with  its  axis. 

This  may  occur  from  the  presence  of  boils,  whirls  and  cross-currents, 
or  because  the  axis  of  the  meter  is  not  held  parallel  with  the  axis  of  the 
current;  in  the  case  of  an  integrated  measurement  it  is  sure  to  occur, 
because  the  velocity  and  direction  with  which  the  water  strikes  the  meter 
are  the  resultant  of  the  forward  velocity  of  the  water  and  the  transverse 
movement  of  the  meter. 


*  Transactions  of  the  Society,  May,  1878,  page  111. 

t  Recent  Hydraulic  Experiments,  by  Major  Allan  Cunningham,  R.  E.    Minutes  of  Pro- 
■ceedings,  Inst.  C,  E.,  Vol.  LXXI.,  p.  10. 
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The  effect  of  this  angular  movement  may  be  tested  by  rating  the 
meter  when  its  axis  is  at  an  angle  with  the  track  of  the  rating  machine, 
and  by  comparing  meter  measurements  taken  by  integrating  at  different 
rates. 

3.    The  waiei"  Tnay  strike  opposite  vanes  of  a  wheel  unth  different  velocities. 

This  may  occur  from  irregular  flow,  and  is  sure  to  occur  near  the 
bottom  and  sides  of  a  channel,  where  the  velocities  are  decreasing  rapidly 
as  they  approach  the  lining.  In  the  Sudbury  Conduit  the  velocity  near 
its  bottom  and  sides  varied  10  per  cent,  in  a  distance  equal  to  the  diam- 
eter of  the  wheel  of  the  meter. 

The  accuracy  of  a  meter  measurement  is  probably  less  affected  by  this 
feature  than  by  the  others.  Its  effect  can  be  tested,  though  less  directly 
than  in  the  other  instances,  by  comparing  the  discharge  over  a  weir  with 
a  point  measurement  taken  in  a  channel  where  the  flow  is  steady. 

The  effect  which  these  different  features  (variable  velocity  etc. )  have 
upon  the  movement  of  a  meter  wheel  may  be  better  understood  from  an 
examination  of  the  manner  in  which  the  water  strikes  the  vanes.  In 
doing  this  only  the  outer  ends  of  the  vanes  will  be  considered,  since 
other  portions  are  acted  upon  in  the  same  general  manner. 

Fig.  1,  Plate  XVIII. ,  is  a  development  of  the  band  of  the  eight- vane 
wheel  showing  by  the  diagonal  lines,  A  B,  the  position  of  the  ends  of 
the  vanes. 

If  the  wheel  were  stationary,  all  of  the  water  passing  between  the 
points  A  and  G  would  strike  the  vane  ;*  but  if  the  wheel  is  revolving,  the 
lower  edge,  B,  of  the  vane,  moving  ia  the  direction  of  the  revolution,  will 
reach  D,  a  point  to  the  left  of  B,  while  the  water  is  moving  the  width,  E  I> 
of  the  band;  hence  it  appears  that  of  all  of  the  particles  of  water  reach- 
ing the  upper  edge  of  the  wheel  at  any  given  instant,  only  those  between 
A  and  E  will  strike  the  vane,  and  they  strike  it  in  nearly  the  same  way 
that  they  would  strike  a  fixed  vane  with  the  inclination  A  D. 

The  line  ^  D  is  drawn  at  the  proper  inclination  for  a  current  velocity 
of  2  feet  per  second;  it  is  practically  correct  for  any  velocity  exceeding 
1 . 8  feet.  This  line  is  represented  at  the  same  inclination  in  all  of  the 
figures  relating  to  the  same  wheel. 

In  each  of   the  figures  on  the  plate  the  proportionate  number  of 


*  In  thin  and  succeeding  statements  the  deflection  of  the  current  caused  by  the  presence  o£ 
the  meter  is  disregarded. 
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particles  striking  the  vanes  is  indicated  by  the  length  AE  oi  the  upper 
side  of  the  shaded  triangle.  . 

When  ^is  to  the  right  from  A,  the  pressure  on  the  vane  is  positive; 
when  JE  is  to  the  left  it  is  negative. 

Fig.  2  represents  a  case  in  which  the  velocity  is  suddenly  decreased 
from  2 . 0  to  1 .8  feet  per  second,  taken  at  the  instant  when  the  change  oc- 
curs, and  the  wheel,  owing  to  its  inertia,  still  revolves  at  the  rate  due  to  its 
former  velocity.  It  appears  in  this  case,  that  on  account  of  the  increased 
ratio  of  the  speed  of  the  wheel  to  the  velocity  of  the  water,  the  lower  edge, 
B,  of  the  vane  moves  so  far  that  none  of  the  particles  of  water  passing 
between  the  points  A  and  C  strike  it ;  but,  instead,  the  vane  is  struck 
on  the  other  side  by  some  of  the  water  passing  to  the  left  of  A. 

Fig.  3  represents  a  case  where  the  velocity  is  suddenly  increased  from 
2.0  to  2.2  feet  per  second,  and  consequently  more  water  strikes  the  vane. 

In  the  former  case  the  speed  of  the  wheel  will  be  retarded,  and  in  the 
latter  it  will  be  accelerated  until  the  inclination  A  D,  assumed  in  a 
steady  current,  is  regained.  It  is  evident  that  if  this  inclination  was  re- 
gained in  equal  times  in  boch  cases,  changes  in  velocity  would  not  cause 
errors  in  measurement,  but  it  is  not  probable  that  this  is  the  case.  It  is 
true  that  the  decrease*  in  the  number  of  particles  striking  the  vane  in  one 
case  is  nearly  equal  to  the  increase  in  the  other  ;  but  in  the  former  case 
these  particles  strike  the  vanes  at  a  much  smaller  angle,  indicating  that 
the  retardation  will  be  accomplished  less  rapidly  than  the  acceleration, 
which  will  cause  a  meter  measurement  of  variable  velocity  to  be  in  excess 
of  the  truth.  The  amount  of  this  excess  will  depend  largely  upon  the 
rapidity  with  which  the  meter  responds  to  changes  in  the  velocity  of  the 
water.  If  it  responds  quickly,  the  error  may  not  be  so  great  as  to  affect 
a  measurement  for  practical  purposes. 

When  water  strikes  the  meter  at  an  angle  with  its  axis,  the  band  of 
the  wheel  on  the  side  from  which  the  water  comes  intercepts  some  of  it, 
which  would  otherwise  strike  the  vanes.  Portions  of  the  frame  of  an  in- 
strument constructed  like  meter  No.  2  may  act  in  the  same  way. 

It  is  evident  that  intercepting  the  water  will  diminish  the  meter  meas- 
urement. 

In  addition  to  the  effect  just  referred  to,  angular  velocity  causes  dif- 
ferent pressures  on  the  different  vanes.     This  action  is  illustrated  by 

*  In  estimating  the  decrease  in  the  number  of  particles,  those  acting  negatively  are  added 
•to  the  number  withdrawn  from  acting  positively. 
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Figs.  4  and  5  ;  Fig.  4  showing  one  of  the  vanes  which  has  greater  pres- 
sure on  account  of  the  inclination  of  the  current,  and  Fig.  5  showing  an 
opposite  vane  where  the  pressure  is  negative,  owing  to  the  same  inclina- 
tion. It  seems  probable  that  the  effect  of  these  variable  pressures  will 
be  to  increase  the  meter  measurement ;  consequently  the  effect  of  angular 
velocity,  as  a  whole,  may  be  either  to  decrease  or  increase  the  measure- 
ment, the  preponderating  influence  depending  chiefly  upon  the  design  of 
the  instrument. 

The  third  case,  that  of  unequal  velocity  at  the  two  sides  of  the  wheel, 
is  represented  by  Figs.  2  and  3,  already  used  to  illustrate  the  case  of 
variable  velocity  ;  Fig.  2  showing  a  vane  on  the  side  where  the  velocity 
is  least,  and  Fig.  3  a  vane  on  the  opposite  side. 

Near  the  sides  of  the  Sudbury  Conduit,  the  diff'erence  in  the  veloci- 
ties at  opposite  sides  of  the  wheel  was  about  half  of  the  amount  repre- 
sented by  the  figures,  that  is,  the  vane  nearest  the  brick-work  had  practi- 
cally no  pressure  upon  it,  while  the  vane  on  the  other  side  was  struck  by 
the  water  at  double  the  usual  angle. 

The  figures  on  the  right-hand  side  of  the  plate  represent  the  ten-vane 
wheel  under  the  same  conditions  that  the  eight- vane  wheel  is  represented 
by  the  figures  on  the  left. 

Fig.  6  shows  that,  with  the  wheel  having  vanes  of  unequal  pitch,  there 
is,  even  in  a  uniform  current,  a  negative  pressure  on  one  set  of  vanes. 
This  form  of  wheel  was  constructed  because  it  was  thought  that  the 
speed  of  a  wheel,  governed  by  the  difference  between  positive  and  nega- 
tive pressures,  would  respond  more  quickly  to  variations  in  the  velocity 
of  a  current  than  one  where  the  speed  of  the  wheel  was  maintained  by  a 
light  positive  pressure  only. 

Tests  made  at  the  Rating  Machine. 

1.  —  Tests  of  variable  velocity. 

These  tests  were  made  by  moving  the  meter  along  the  course  of  the 
rating  machine  at  very  irregular  rates.  The  number  of  revolutions  were 
noted  and  compared  with  the  number  obtained  when  rating  with  the 
same  mean  velocity  and  uniform  movement. 

The  results  obtained  are  shown  by  Table  I. 
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TABLE  I. 

Experiments  on  Vaei\ble  Veloctty,    made   at   the  Rating  Machine 

IN    THE   SUDBUKY    CoNDUIT,    JANUARY   27tH,    1879. 


1 

a 

3 

4 

5 

6 

Number 

of  the 

Experiment. 

Numbers 

showing   the 

order  in  which 

Experiments 

were  made. 

Mean  Velocity 

in  Feet 

per  Second. 

Revolutions 
of  the  Wheel 

per  Foot, 

advance  with 

Irregular 

Movement. 

Revolutions 
of  the  Wheel  ' 

per  Foot, 
advance  when 

rated  in  the 
usual  manner. 

Proportional 

Differences 

between 

Revolutions  in 

Columns  4  and 

5  :    Column  5 

being  the 

Standard. 

Ten- Vane  Wheel. 

1... 

6 

0.986 

1.086 

1.034 

+0.050 

2  .. 

5 

1.108 

1.090 

1.044 

-fO.044 

3.... 

3 

1.562 

1.076 

1.064 

+0.011 

4... 

1 

1.567 

1.061 

1.064 

—0.003 

5.... 

7 

1.592 

1.125 

1.064 

+0.057 

6... 

2 

1.773 

1.065 

1.069 

-0.004 

7... 

4 

3.650 

ElGHT- 

1.063 
Vane  Wheel. 

1.059 

+0.004 

8.... 

11 

0.850 

1.327 

1.172 

+0.132 

9.... 

8 

2.110 

1.279 

1.237 

+0.034 

10.... 

9 

2.202 

1.291 

1.237 

+0.044 

11... 

10 

2.660 

1  295 

1.237 

+0.047 

The  experiments  show  very  conclusively  that  the  irregular  movement 
gives  the  greater  number  of  revolutions;  two  experiments,  only,  showing 
a  small  difference  in  the  other  direction. 

Owing  to  the  fact  that  the  motion  of  the  meter  was  not  equally  irreg- 
ular in  all  of  the  experiments,  the  quantities  in  column  6  are  variable  ; 
they  indicate,  however,  smaller  differences  with  the  ten -vane  than  with 
the  eight-vane  wheel,  and  with  high  velocities  than  with  low  ones. 
The  order  in  which  they  were  made  may  also  have  some  importance,  as 
the  movement  in  the  earlier  ones  was  generally  less  irregular  than  it  was. 
in  those  made  afterwards. 
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2. — Tests  of  angular  velocity. 

In  these  tests  the  meter  was  rated  when  its  axis  was  at  various  angles 
with  the  track  of  the  rating  machine.  The  observations  are  given  in 
Table  II. 

The  proportional  differences  in  column  9  are  obtained  by  a  com- 
parison between  columns  7  and  8,  the  quantities  in  column  7  being  used 
in  preference  to  those  in  column  5,  because  they  correspond  more 
nearly  to  the  cases  which  usually  occur  in  practice,  i.  e.,  to  cases  in 
which  only  the  velocity  in  the  direction  of  the  axis  is  required. 

Experiments  1  and  5,  in  which  the  angle  is  7°  48',  show  as  the  effect 
of  angular  velocity  an  increase  in  the  number  of  revolutions  of  about 
one-half  of  one  per  cent.  Experiments  2  and  6,  with  an  angle  of  10°  48', 
show  a  decrease  in  the  number  of  revolutions  of  1.5  and  2.8  per  cent, 
respectively. 

These  four  experiments  indicate  that  in  ordinary  measurements  a 
considerable  angle  between  the  axis  of  the  meter  and  the  current  will 
not  cause  an  important  error,  a  result  of  great  practical  importance. 

The  remaining  experiments,  with  angles  of  24°  and  41°,  show  a 
much  larger  decrease,  averaging  nearly  10  per  cent. 

These  tests  of  variable  and  angular  velocity  were  made  long  before 
any  comprehensive  experiments  for  ascertaining  the  accuracy  of  meter 
measurements  were  contemplated  ;  consequently  they  are  less  complete 
than  they  otherwise  would  have  been. 

Tests  made  by  Compa.eing  Cukrent-Meter  and  Weir  Measurements. 

The  measurements  were  made  at  a  weir  19  feet  long  in  the  Farm 
Pond  Gate-house  at  the  head  of  the  Sudbury  Conduit.  The  discharge 
was  computed  by  a  formula  deduced  from  experiments  made  at  this 
weir.  A  description  of  these  experiments  is  given  in  a  paper  already 
published  by  the  Society.* 

The  water  for  the  experiments  was  drawn  directly  from  Farm  Pond, 
165  acres  in  extent.  The  flow  into  the  pond  was  controlled  by  gates, 
and,  during  the  experiment,  it  was  made  equal  to  the  outflow,  thereby 
keeping  the  height  of  the  water  constant,  or  nearly  so.  An  observer  at 
the  weir  read  the  hook-gauges  frequently,  and  as  soon  as  any  change  in 
the  depth  on  the  weir  was  noticed,  the  openings  of  the  gates  which 


*  Transactions,  Feb.,  1883,  p.  61,  et  seq. 
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admitted  the  water  were  changed  until  the  standard  depth  was  re-estab- 
lished. By  this  means  the  flow  in  the  conduit  was  kept  practically 
constant. 

The  current-meter  measurements  were  taken  at  a  man-hole  6  000  feet 
below  the  gate-house.  The  arrangement  of  the  apparatus  at  this  place 
is  shown  on  Plate  XIX.  *  J5  is  a  slotted  piece  of  wood  at  the  top  of  the 
man-hole  through  which  the  rod  of  the  meter  passed  freely  in  a  longitu- 
dinal direction,  while  its  side  movement  was  protected.  At  A  a  handle 
carrying  a  small  wheel  was  attached  to  the  rod  parallel  with  the  axis  of 
the  meter.  The  small  wheel  rested  on  a  track  a,  a,  a,  made  of  thin 
boards  sawed  to  the  proper  curves  and  spaced  and  numbered  to  corres- 
pond with  numerous  small  areas  of  equal  size  into  which  the  cross-section 
of  the  conduit  was  divided. 

Point-measurements  were  made  by  taking  the  velocity  with  the 
meter  in  each  of  these  areas. 

The  velocities  obtained  by  five  experiments  with  varying  depths  of 
water  are  shown  on  Plate  XX.  f  The  most  interesting  feature  of  the 
diagrams  is  the  distribution  of  velocities  in  different  parts  of  the 
channel,  a  subject  to  be  referred  to  later.  The  plate  is  introduced  here 
to  show  the  regularity  of  current-meter  observations  having  a  duration 
of  but  thirty  seconds  each. 

The  range  of  the  conditions  covered  by  the  experiments  will  now  be 
given  : 

The  depths  varied  from  1.5  to  4.5  feet,  corresponding  with  each  of 
the  horizontal  lines  shown  on  Plate  XIX. ,  except  the  top  one. 

The  rate  of  integrating  varied  from  one-tenth  of  a  foot  to  one  foot 
per  second,  or  from  about  3  per  cent,  to  about  58  per  cent,  of  the 
velocity  of  the  current. 

The  velocities  varied  from  1.71  to  2.93  feet  per  second. 

The  motion  of  the  current  varied  from  the  very  regular  motion  due 
to  a  flow  through  more  than  a  mile  of  brick-lined  channel,  straight  for 
about  3  700  feet  from  the  point  of  observation,  to  the  very  irregular  flow 
caused  by  two  wide  boards,  placed  vertically  in  the  water  about  15  feet 
above  the  current-meter  section. 

*  This  plate  is  reproduced  from  a  report  of  the  work  done  on  the  construction  of  the 
works  for  supplying  Boston  with  water  from  Sudbury  River,  by  A.  Fteley,  Resident  Engi- 
neer in  charge,  p.  95. 

t  Reproduced  from  page  100  of  report  mentioned  in  foot-note  above. 
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During  an  experiment  frequent  measurements  of  the  height  of  the 
surface  of  the  water  were  taken  with  a  point-gauge  at  the  side  of  the 
man-hole. 

The  general  features  and  the  results  of  all  of  the  experiments  are 
give  in  Table  III. 

Explanation  of  Table  III. 

Column  1. — Number  and  conditions  of  the  series.  The  experiments 
are  grouped  in  series,  in  each  of  which  certain  conditions  are  constant, 
these  conditions  being  given  in  this  column. 

Column  2.  — Number  of  the  experiment.  All  measurements  made  under 
identical  conditions  have  been  combined  and  are  given  in  the  table  as 
one  experiment.  The  number  of  measurements  thus  combined  is  given 
in  column  3. 

Column  5. — Ratio  of  lateral  motion  of  meter  to  velocity  of  current. 
This  ratio  is  the  tangent  of  the  angle  which  the  impinging  current 
makes  with  the  axis  of  the  meter. 

Column  7. — Percentage  of  variation  of  current-meter  from  weir  meas- 
urement. The  quantities  in  this  column  are  the  result  of  a  comparison 
between  the  volumes  flowing  as  determined  by  current-meter  and  by 
weir  measurement.  None  of  the  exact  data  upon  which  this  comparison 
is  based  is  given  in  the  table,  as  it  is  not  thought  to  have  sufficient  in- 
terest.    All  calculations  were  checked. 
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TABLE  III. 

Comparison  of  Ourrent-Meter  and  Weir  Measurements  made  in  the 
Sudbury  Conduit,  October  27th  to  November  12th,  1879. 


1 

fi 

3 

4 

5 

6 

7 

Number  and  Conditions  of 
THE  Series. 

X 

.a 

a  « 

Number  of  Compar- 
isons included  in 
the  Experiment. 

u 

2  el 
■  -^o 

Ratio     of     Lateral 
Motion   of   Meter 
to      Velocity      of 
Current. 

O 
>> 

O   0) 

>  0 
o 

Percentage  of  Varia- 
tion  of    Current- 
Meter  from  Weir 
Measurement, 

Series  I. 

1 

1 

Feet. 
1.5 

0 

Ft.  per  Sec. 
1.83 

+1.2 

Point-measurement, 

2 

2 

2.0 

0 

2.13 

0.0 

Regular  current. 

3 

1 

3.0 

0 

2.56 

-fO.l 

8-vane  wheel, 

4 

1 

4.0 

0 

2.83 

+0.1 

Ordinary  inclination. 

5 

1 

4.5 

0 

2.93 

—0.4 

Series  II. 

Point-measurement, 

Regular  current. 

6. 

1 

3.0 

0 

1.71 

—0.2 

8-vane  wheel. 

Low  inclination. 

Series  III. 

7 

3 

1.5 

0.055 

1.83 

+0.8 

Rate  of  integrating  0.10    ft.  per 
sec. 

8 

3 

2.0 

0.047 

2.13 

+0.1 

Regular  current. 

9 

8 

2.5 

0.042 

2.37 

—0.6 

8-vane  wheel. 

10 

3 

3.0 

0.039 

2.56 

—0.2 

Ordinary  inclination. 

11 

6 

3.5 

0.037 

2.71 

—0.1 

12 

4 

4.0 

0.035 

2.83 

—0.5 

13 

4 

4.5 

0.034 

2.93 

! 

—0.8 

Series  IV. 

Rate  of  integrating  0.10  ft.  per 
sec, 

Regular  current. 

14 

4 

2.5 

0.042 

2.37 

+0.2 

10-vane  wheel. 

Ordinary  inclination. 
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TABLE  III.— {Continued.) 


1 

Number  and  Conditions  of 
THE  Seeies. 

2 

Number  of  Compar- 
isons included  in     w 
the  Experiment. 

Depth  in  the  Centre     ^^ 
of  the  Conduit. 

Ratio     of      Lateral 
Motion   of   Meter     ^ 
to      Velocity      of 
Current. 

Mean    Velocity     of 
the  Current. 

Percentage  of  Varia- 
tion  of    Current-     ^ 
Meter  from  Weir 
Measurement. 

Series  V. 

Eate  of  integrating  0.50  ft.  per 
sec, 

Regular  current, 

8-vane  wheel. 

Ordinary  inclination. 

15 

16 

16 
15 

Feet. 

2.5 
3.5 

0.211 
0.185 

Ft.  per  Sec 

2.37 
2.71 

—3.6 
—1.8 

Series  VI. 

Rate  of  integrating  1.00  ft.  per 
sec. 

Regular  current, 

8-vane  wheel, 

Ordinary  inclination. 

17 

20 

3.5 

0.369 

2.71 

-6.5 

Series  VII. 

Kate  of  integrating  0.10  ft.  per 
sec. 

Regular  current, 

8-vane  wheel. 

Low  inclination. 

18 

3 

3.0 

0.058 

1.71 

—1.0 

Series  VIII. 

Rate  of  integrating  0.50  ft.  per 
sec. 

Regular  current, 

8-vane  wheel. 

Low  inclination. 

19 

4 

3.0 

0.292 

1.71 

—4.5 

Series  IX. 

Rate  of  integrating  1.00  ft.  pei 
sec. 

Regular  current, 

8-vane  wheel. 

Low  inclination. 

20 

7 

3.0 

0.585 

1.71 

—9.4 
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TABLE  111.— [Continued.] 


1 

a 

3 

4 

5 

6 

T 

Number  and  Conditions  of 
THE  Sekies. 

Xi. 
o  PI 

f2J 

Number  of  Compar- 
isons included  in 
the  Experiment. 

U 

ft 

Ratio      of     Lateral 
Motion    of  Meter 
to     Velocity      of 
Current. 

Mean    Velocity      of 
the  Current. 

Percentage  of  Varia- 
tion of    Current- 
Meter  from  Weir 
Measurement. 

Series  X. 

- 

Feet. 

Ft.  per  Sec. 

Rate  of  integrating  0.10  ft.  per 

sec. 

Irregular  current, 

21 

4 

2.5 

0.042 

2.37 

-1.1 

8-vane  wheel. 

Ordinary  inclination. 

Series  XI. 

Rate  of  integrating  0.10  ft.  per 

sec, 

Irregular  current. 

22 

3 

2.5 

0.042 

2.37 

—0.8 

10- vane  wheel. 

Ordinary  inclination. 

Series  XII. 

Rate  of  integrating  0.20  ft.  per 

sec. 

Irregular  current. 

23 

2 

2  5 

0.084 

2.37 

—2.3 

8-vane  wheel. 

Ordinary  inclination. 

Series  XIII. 

Rate  of  integrating  0.50  ft.  per 

sec. 

Irregular  current. 

24 

6 

2.5 

0.211 

2.37 

-3.4 

8-vane  wheel. 

Ordinary  inclination. 

Series  XIV. 

Rate  of  integrating  0.50  ft.  per 

sec. 

Irregular  current. 

25 

4 

2.5 

0.211 

2.37 

-2.3 

10-vane  wheel. 

Ordinary  inclination. 
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TABLE  HI.— {Continued: 
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flH 

Series  XV. 

Feet. 

Ft.  per  Sec. 

Rate  of  integrating  1.00  ft.  per 

sec. 

Irregular  current. 

26 

4 

2.5 

0.422 

2.37 

—6.5 

8-vane  wheel. 

Ordinary  inclination. 



Series  XVI. 

Rate  of  integrating  1.00  ft.  per 

sec. 

Irregular  current, 

27 

4 

2.5 

0.422 

2.37 

—5.6 

lO-vane  wheel. 

Ordinary  inclination. 

! 
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Deductions  fkom  the  Experiments. 

1. — Comparisons  under  favorable  conditions. 

{a.)  Point-measurement. — This  kind  of  measurement,  in  a  regular 
current,  reproduces  more  nearly  than  any  other  the  conditions  which 
exist  while  the  instrument  is  being  rated  ;  consequently  it  should  give 
the  best  results. 

Series  I.  and  II.  represent  this  case;  and  they  show  but  small  differ- 
ences between  the  meter  and  the  weir  measurements,  as  may  be  seen  by 
reference  to  column  7.  The  largest  variation  occurs  in  experiment  1,  in 
which  the  meter  measurement  is  1.2  per  cent,  in  excess.  In  the  remain- 
ing experiments  the  largest  variation  is  -^q  of  one  per  cent.  It  may  be 
said  of  these  experiments,  as  a  whole,  that  they  do  not  indicate  any 
definite  variation  of  the  meter  measurement  from  the  truth  in  either 
direction. 

{b.)  Integrating  at  a  slow  rate — regular  current. — In  this  case  the  con- 
ditions are  in  a  slight  degree  less  favorable  than  in  the  one  last 
considered.  It  is  represented  by  series  III.,  IV.  and  VII.  The 
differences  do  not  in  any  experiment  exceed  one  per  cent.,  and  their 
average  indicates  that  the  meter  measurement  is  about  one-fifth  of  one 
per  cent,  too  small. 

2. — Comparisons  under  unfavorable  conditions. 

[a.)  Irregidar  velocity. — The  effect  of  irregular  velocity,  if  it  has  any 
effect,  can  be  seen  by  comparing  the  experiments  in  which  the  degree  of 
irregularity  is  the  only  important  variable.  Four  comparisons  of  this 
kind  can  be  made,  and  they  are  given  below  with  the  percentage  that 
the  measurement  in  the  irregular  current  varies  from  that  in  the  regular 
one. 

Experiment  9  and  Experiment  21,  \  of  one  per  cent,  smaller. 
"        14        "  22,  one  per  cent,  smaller. 

'*        15        **  24,  1%  of  one  per  cent,  larger. 

**        17         "  26,  the  results  agree. 

These  comparisons,  as  a  whole,  tend  to  show  that  smaller  results  are 
obtained  with  the  irregular  current;  but  the  differences  are  too  small  to 
prove  any  general  law. 

The  writer  would  prefer  to  consider  the  experiments  as  evidence  that 
when  other  conditions  are  favorable  an  irregular  current  will  not  prevent 
an  accurate  measurement. 


Diagrams^  shorn ng  distribution  of  i^eiocities^  c 
In  Sudbury  /?iver  Conduit,  , 


Scale    of  Feet. 

I  2 


I 
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in  Sudbury  ffiver  Conduit,  [station  SSj. 

Scale   of  reel. 


Mean    Velocity J.973 

Maximum    Vel    \'-'-^  "  \ 3370 

fiatio  of  mean   to  max 8e.Z% 

Depth 4.53s 

Quantity  in  cubic   ft-persec.—IIIA70 


Mean   H/ocity. S.SSS 

Maximum   fet.   ('""•=»'•'') i^iy 

Ratio  of  mean  to  may 87. 3;? 

Depth 4.007 

Quantity  in  cubic  ft.  per-  sec.94.7!0 


Ltr// filjrl*"    jV^     't^    'iss-    's/[f 'c33    j.Lr^M2~^7  2.1^  i.«3  j's]    A/j  ]jVI»  TJJ     Mean   Velocity 2.S20 

,  ,    ..    ,    ,  ,„u,„r,u„.      ,^.\  '\-       -      3.061 

'Tl'/r/l       Ratio  of  mean  to  max.       .  ^BS.6% 
■  l5^/   iWJI  pj^f^ _^„    3.001 

Quantity  m  cubic  ft. per  sec.   62.^30 

/ffeo/i   Ve/ocity.  -  .  -  ..     _  .  i.lSO 

Maximum  VetV''"'''  'fV        2.1-70 

ffatio  of  mean  to  max 88.3% 

aS^a~^s^ij>'S^^^i>^i..j,Xi^         Oepth.        2.0ie 

Quantity  in  cubic  ft.  per  sec. .  33.-408 


Mean   Velocity^ 


Max 


:  Vet. 


.      .  __    I.S37 


ffatio  of  mean  to  . 

Dsptfi - 

Quantity  in  cubic  ft.  per  ■ 


.     I.  SOS 
.  ZO./S8 


325 


{b.)  Integrating  at  a  rapid  rate.— The  effect  of  integrating  too  rapidly 
is  to  diminish  the  meter  measurement.  To  show  how  marked  this 
feature  is,  all  of  the  experiments  in  which  the  rate  of  integrating  exceeds 
one-tenth  of  a  foot  per  second  are  collected  below.  The  ratios  from 
column  5,  which  are  the  proper  measures  of  the  rate  of  integrating,  and 
also  the  differences  from  column  7,  are  given. 


NUMBEE 
OF  THE 

Experiment. 

Eatio  of  Lateral  Motion 

OF  Meter  to 

Velocity  of  Current. 

Percentage  of  Dn^'i'ER- 

ENCE  of  Current-meter 

FROM  Weir  Measurement. 

20 

0.585 

'-9.4 

26 

0.422 

—6.5 

27 

0.422 

—5.6 

17 

0.369 

-6.5 

19 

0.292 

—4.5 

24 

0.211 

-  3.4 

25 

0.211 

—2.3 

15 

0.211 

-3.6 

16 

0.185 

—1.8 

23 

0.084 

—2.3 

» 


It  will  be  seen  that  the  differences  are  negative  in  every  case,  reaching 
in  the  extreme  instance  9.4  per  cent. 

The  most  rapid  rate  of  integrating  admissible  when  accurate  results 
are  required,  is,  from  the  nature  of  the  case,  rather  indefinite.  The 
experiments  indicate  that  a  rate  not  exceeding  five  per  cent,  of  the 
velocity  of  the  current  will  give  good  results. 

3. — Comparison  of  wheels. 

Four  cases  occur  among  the  experiments  in  which  the  wheel  used 
with  the  meter  is  the  only  variable.  The  ten-vane  wheel  gives  in  every 
case  the  result  nearest  the  truth;  and  it  gives  a  measurement  of  volume 
larger  than  that  obtained  with  the  eight-vane  wheel  by  an  average  of 
€ight-tenths  of  one  per  cent. 

The  differences  in  the  results  obtained  with  the  two  wheels  are  not 
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so  large  that  they  may  not  be  attributed  to  errors  incidental  to  the 
experiments. 

4. — Effect  of  inclination,  i.  e.,  of  velocity. 

In  experiments  3  and  6 — the  only  two  in  which  velocity  is  the  only 
variable — the  differences  in  column  7  are  respectively  +  0.1  and  —  0.2 
per  cent. ;  indicating,  as  might  be  expected,  that  there  is  no  appreciable 
difference  due  to  this  cause. 

5. — Effect  of  depth. 

Near  the  bottom  and  sides  of  a  channel  there  is  a  thin  layer  of  slow- 
moving  water  which  the  current-meter  does  not  reach;  hence  the  mean 
of  the  measured  velocities  is  slightly  in  excess  of  the  mean  velocity  of 
the  whole  mass.  This  fact  tends  to  make  the  meter  measurement  too 
large,  and  its  effect  will  be  proportionally  greater  with  smaller  depths. 

Experiments  1  and  7,  in  which  the  depth  is  but  1.5  feet,  show  results, 
respectively,  1.2  and  0.8  per  cent,  too  large.  A  portion  of  this  excess 
may  be  due  to  the  cause  just  referred  to. 

Notes  upon  the  Accukacy  of  the  Experiments. 

In  experimenting  there  is  always  a  possibility  that  some  nearly  con- 
stant error  may  affect  all  of  the  experiments  to  an  important  extent ; 
therefore  it  is  well  to  consider  the  various  circumstances  of  the  experi- 
ments in  order  to  judge  of  the  trustworthiness  of  the  results. 

The  volume  passing  the  weir  was,  as  has  already  been  stated,  calcu- 
lated by  a  formula  deduced  from  experiments  in  which  the  water 
discharged  over  the  weir  was  measured  in  a  basin  below  it.  This 
formula  varies  but  two -thirds  of  one  per  cent,  from  a  formula  deduced 
from  Mr.  Francis'  experiments  ;  so  that  it  seems  beyond  question  that 
the  weir  measurement  was  not  far  from  the  truth.  The  weir  did  not 
leak,  and  the  quantity  of  water  entering  the  conduit  by  filtration  between 
the  points  of  observation  was  known  to  be  unimportant. 

The  stop-watch  used  was  probably  correct  within  one-tenth,  or  cer- 
tainly within  one-fifth  of  one  per  cent.  When  a  point-measurement 
was  being  taken  the  watch  was  allowed  to  run  continuously  in  a  position 
where  it  could  be  seen  by  the  person  operating  the  current-meter.  The 
duration  of  the  measurement  at  each  point  was  30  seconds;  consequently 
an  error  of  three-tenths  of  a  second  affects  the  result  one  per  cent.  It 
is  quite  possible  in  these  experiments  that  the  personal  error  of  the- 
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observer  in  connecting  and  disconnecting  the  recording  wheels  at  the- 
exact  moment  may  have  occasioned  an  error  of  a  fraction  of  one  per 
cent. 

The  rating  of  the  meter  described  on  page  305  et  seq.  was  very  accu- 
rate, but  it  was  done  in  January,  when  the  instrument  was  new,  and  the 
experiments  were  made  in  the  following  October  and  November,  the 
meter  having  been  used  in  the  meantime.  In  July  a  partial  rating  was 
made  by  one  of  Mr.  Francis'  assistants  at  the  rating  machine  of  the 
Locks  and  Canals  Company  at  Lowell,  Mass.  This  rating  consisted  of 
ten  trials  with  the  ten-vane  wheel,  and  eight  trials  with  the  eight-vane 
wheel.  These  trials  were  made  with  velocities  of  about  1.5  and  2.5  feet 
per  second,  and  they  gave  quite  regularly  a  larger  number  of  revolutions 
per  foot  advance  than  the  original  rating.  The  revolutions  of  the  eight- 
vane  wheel  increased  1.6  per  cent.;  of  the  ten- vane  wheel  0.6  per  cent. 

The  meter  had  never  been  injured,  nor  had  the  form  of  its  vanes  al- 
tered perceptibly,  and  the  only  reason  which  suggested  itself  to  account 
for  the  change  in  the  rate  was,  that  the  friction  of  the  axis  in  its  bearings 
might  have  been  greater  when  the  instrument  was  new  than  it  was  after 
the  parts  in  contact  had  been  worn  smooth  by  use.  This  explanation  of 
the  difference  in  rate  is  not  very  satisfactory  ;  yet  the  fact  that  eighteen 
trials  showed,  with  but  one  exception,  an  increased  number  of  revolu- 
tions is  deemed  a  sufficient  reason  for  using  the  later  rating. 

This  was  accomplished  by  applying  the  percentages  of  increase,  al- 
ready given,  to  the  original  rating.  It  is  to  be  regretted  that  no  op- 
portunity occurred  for  rating  the  meter  at  the  time  when  the  experiments 
were  made,  so  that  the  accuracy  of  the  rating  used  might  be  un- 
doubted. 

Aside  from  what  has  already  been  stated,  no  cause  of  error  is  known 
to  have  existed  which  would  have  been  more  liable  to  affect  the  results 
in  one  direction  than  in  the  other . 

The  conclusion  drawn  from  the  experiments  as  a  whole  is,  that  the 
current-meter  will  give  results  accurate  within  one  per  cent.,  either  by 
point  or  by  integrated  measurements,  provided,  in  the  latter  case,  that 
the  rate  of  integrating  does  not  exceed  five  per  cent,  of  the  velocity  of 
the  current.  Even  if  it  is  admitted  that  nearly  all  of  the  errors,  which 
have  been  referred  to  as  possible,  exist,  the  above  statement  will  still  be 
correct  if  its  limit  of  accuracy  is  modified  to  one  per  cent,  below  and  two 
per  cent,  above  the  truth.     These  percentages  are  still  within  the  limits 
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of  what  is  now  termed  accuracy  in  the  measurement  of  velocities   of 
water. 

There  is  one  other  evidence  that  the  meter  measurements  are  not,  as 
a  rule,  far  from  the  truth  in  either  direction.  The  differences  between 
the  conditions  of  rating  and  of  measuring  in  a  regular  current  have  been 
shown,  by  theoretical  considerations  already  given  in  this  paper,  to  be 
much  smaller  than  the  differences  between  the  conditions  of  measure- 
ments taken  in  regular  and  irregular  currents.  The  experiments  show 
that  the  degree  of  irregularity  has  very  little  effect  on  the  results,  from 
which  it  may  be  inferred  that  the  smaller  differences  between  the  condi- 
tions of  rating  and  of  measuring  in  a  regular  current  will  not  affect  the 
accuracy  of  the  results  appreciably. 

Miscellaneous  Notes  about  the  Current-Metek. 

In  ordinary  practice  a  point  measurement  is  seldom  taken,  on  account 
of  the  time  and  labor  involved .  In  taking  integrated  measurements  it 
has  not  been  found  necessary  to  resort  to  mechanical  methods  for  secur- 
ing uniformity  of  movement  of  the  meter,  nor  for  holding  the  axis  of  the 
meter  parallel  with  the  axis  of  the  current.  The  process  of  taking  a 
measurement  is  generally  as  follows  :  The  width  of  the  channel  is  first 
divided  into  equal  parts,  and  the  divisions  are  marked  plainly  on  a  bridge 
or  plank  over  the  stream. 

The  meter,  at  the  beginning  of  a  measurement,  is  placed  at  the  side 
of  the  channel  just  below  the  surface.  It  is  here  that  the  recording 
wheels  are  thrown  into  gear  and  the  movement  of  the  meter  is  begun, 
first  down  to  the  bottom,  then  up  to  the  surface,  then  down  again,  and 
so  on. 

These  downward  and  upward  movements  are  combined  with  a  con- 
tinuous side  movement  towards  the  opposite  side  of  the  channel,  so 
timed  that  the  meter  reaches  the  bottom  vertically  under  the  first  di- 
vision mark  ;  the  surface  under  the  second  one  ;  the  bottom  under  the 
third,  and  so  on  until  the  opposite  side  is  reached .  In  a  rectangular 
channel  each  trip  of  the  meter  between  the  surface  and  the  bottom 
should  have  the  same  duration.  In  an  irregular  channel  the  duration  of 
each  upward  or  downward  trip  should  be  proportional  to  its  length, 
and  to  make  it  so  it  is  necessary  to  prepare  in  advance  a  table  giving  the 
times  at  which  it  should  reach  each  point  where  its  course  is  to  be 
■changed,  these  times  to  be  called  by  an  assistant . 


329 

Uniformity  of  movement  may  be  secured  in  another  way,  by  mark- 
ing the  handle  of  the  meter  plainly  every  foot  or  half  foot,  and  by  ob- 
serving that  these  marks  disappear  below  and  appear  above  the  surface 
of  the  water  after  equal  intervals  of  time . 

The  time  required  for  a  measurement  of  this  kind  is  but  a  few  min- 
utes, and  the  office  work  need  take  but  little  longer. 

Successive  measurements  taken  in  the  manner  described  agree  very 
closely,  even  in  channels  where  the  motions  of  the  water  are  very 
variable. 

It  has  frequently  been  observed  that  a  leaf  catching  on  one  of  the 
vanes  of  the  larger  meter  (meter  No.  1)  did  not  affect  the  results  ap- 
preciably. 

Several  ihstruments  of  the  pattern  of  meter  No.  2  have  since  been 
made  with  two  registers,  one  the  ordinary  register  attached  to  the  in- 
strument, and  the  other  an  electric  register,  recording  above  water  each 
revolution. 

It  is  evident  that  this  meter,  being  attached  to  a  rigid  handle,  is  not 
suitable  for  use  in  deep  water.  To  adapt  it  to  such  use  would  require 
some  additional  apparatus  of  a  kind  depending  upon  the  method  em- 
ployed to  control  the  position  of  the  meter.  Even  a  brief  consideration 
of  the  different  methods  suggested  would  require  considerable  space, 
and  therefore  will  be  omitted. 

For  information  on  the  subject  the  reader  is  referred  to  the  following 
works  : 

Eeport  of  the  Surveys  and  Examinations  of  the  Connecticut  River, 
by  Gen .  T.  G .  Ellis  ;  Appendix  B  14  of  the  Annual  Report  of  the  Chief 
of  Engineers  for  1878,  p.  61  :  On  the  Flow  of  Water  in  Rivers  and  Canals, 
by  D.  Farrand  Henry  ;  Journal  of  the  Franklin  Institute,  1871,  Vol. 
LXII.  p.  171  :  Hydraulics  of  Great  Rivers,  by  J.  J .  Revy  :  The  Current- 
Meter  of  Prof.  A.  R.  Harlacher,  by  Richard  Blum  ;  Minutes  of  Proceed- 
ings, Inst.  C.  E.,  Vol.  LXVII.,  p.  358,  also  Engineering  News,  1882,  p. 
141  :  The  Measurement  of  Velocity  for  Engineering  Purposes,  by  H.  S. 
H.  Shaw  ;  Minutes  of  Proceedings,  Inst.  C.  E.,  Vol.  LXIX.  :  On  a  Cur- 
rent-Meter, etc . ,  by  B.  T.  Moore  ;  Minutes  of  Proceedings,  Inst.  C .  E. , 
Vol.  XL  v.,  p.  220. 

There  seems  to  be  but  one  thing  to  prevent  the  general  use  of  cur- 
rent-meters by  engineers  having  occasion  to  measure  the  flow  of  water; 
this  is,  that  a  meter  when  purchased  has  no  practical  value  until  it  is 
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(rated.  The  erection  of  a  rating  apparatus  similar  to  that  described  in 
this  paper  is  neither  very  difiScult  nor  expensive,  provided  a  proper  lo- 
cation can  be  had,  but  such  a  location  is  not,  as  a  rule,  within  the  con- 
trol of  engineers. 

Until  instruments  can  be  bought  already  rated,  some  simpler  method 
of  obtaining  the  rate  is  much  to  be  desired.  It  is  true  that  meters  can 
be  constructed  so  nearly  alike  that  the  rate  of  any  two  will  be  quite 
nearly  the  same,  but  until  many  have  been  tested  and  the  jrates  have 
been  found  to  agree,  measurements  taken  with  instruments  that  have 
not  been  rated  will  be  classed  as  doubtful. 

The  various  methods  of  rating  a  meter  appear  to  be  :  to  move  the 
meter  a  given  distance  through  still  water  ;  to  measure  with  the  meter 
the  flow  in  a  channel  where  a  known  volume  is  passing;  and  to  compare 
measurements  taken  with  two  meters,  one  having  a  known  rate.  Of 
these  three  methods  the  first  is  the  more  direct,  and  seems  to  be  open  to 
fewer  objections  than  the  others.  The  difficulties  in  its  use  would  be 
very  much  diminished  if  it  should  be  found  by  future  experiment  that  a 
good  rating  can  be  made  in  a  very  small  channel.  It  seems  quite 
probable  that  results  sufficiently  accurate  for  ordinary  practical  purposes 
might  be  obtained  in  a  trough  from  30  to  50  feet  long  and  from  1  to  2 
.square  feet  in  section. 
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A    EEASON    WHY    THE    MAXIMUM    VELOCITY    OF    WATER 
FLOWING  IN  OPEN  CHANNELS  IS  BELOW  THE  SURFACE. 


This  subject,  which  appears  to  have  interested  hydraulic  engineers 
very  much,  has  already  been  before  the  Society  ;  the  Transactions  for 
May,  1878,  containing  a  paper  by  Mr.  J.  B.  Francis,  Past  President 
Am.  Soc.  C.  E.,  "On  the  Cause  of  the  Maximum  Velocity  of  Water 
Flowing^in  Open  Channels  being  Below  the  Surface. "  This  paper  was 
discussed  by  Messrs.  Theodore  G.  Ellis,  Charles  E.  Emery,  Clemens 
Herschel,  De  Volson  Wood,*  and  John  T.  Fanning. 

In  all,  three  theories  were  advanced  and  many  facts  deduced  from 
observations  were  noted. 

At  the  time  Mr.  Francis'  paper  was  published,  the  writer  held  sub- 
stantially the  same  views  that  he  now  proposes  to  advance,  but  they  were 
not,  at  that  time,  based  upon  sufficient  data  to  warrant  their  presenta- 
tion. 

Theory. 

Let  us  first  suppose  the  case  of  a  single  obstacle  projecting  from  the 
lining  of  a  channel.  The  current  approaching  this  obstacle  loses  some 
of  its  velocity  just  before  reaching  it,  and  thereby  causes  an  excess  of 
head  in  a  small  pyramid  of  water  just  above  the  projection. 

This  excess  of  head,  in  turn,  causes  a  transverse  flow  of  the  water  in 
all  directions  ;  but  the  strongest  transverse  flow  will  be  in  the  direction 
•of  the  least  resistance,  which  is,  as  a  rule,  vertically  towards  the 
surface. 

The  irregularities  upon  the  surfaces  of  even  the  smoothest  channel 
linings  met  with  in  practice  are  very  large  in  comparison  with  the  size 
of  the  particles  of  water  striking  them,  and  they  may  be  considered  as 
obstacles  present  in  all  parts  of  the  lining,  each  tending  to  produce  an 
upward  flow,  as  above  indicated. 

Although  the  tendency  to  upward  flow  is  general,  yet  since  it  cannot 
occur  without  a  corresponding  downward  flow  to  replace  the  water 
which  rises,  it  follows  that  it  will  take  place  only  in  those  portions  of 
the  width  of  the  channel  where  the  obstacles  producing  it  are  the  more 
frequent  and  nearer  the  surface,  i.  e.,  generally  at  or  near  the  sides. 

*  The  discussion  by  Prof.  Wood,  as  given  in  the  Transactions  of  May,  1878,  is  supple - 
joaeutei  by  a  paper  on  the  same  subject  in  the  Transactions  of  July,  1879, 
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It  is,  therefore,  the  theory  that  there  is  at  the  sides  of  channels 
an  upward  flow,*  due  to  the  cause  already  described,  which  carries  with 
it  the  slow-moving  water  always  found  in  the  immediate  vicinity  of 
channel  linings,  and  that  this  water,  reaching  the  surface,  flows  towards 
the  middle  of  the  channel,  retarding  by  its  slower  movement  the  velocity 
of  the  surface  layers,  thereby  causing  the  maximum  velocity  to  be,  in 
most  cases,  below  the  surface. 

It  must  not  be  inferred  from  what  has  just  been  stated,  that  the 
writer  believes  there  is  a  continuous  flow  in  the  directions  indicated, 
since  it  is  well  known  that  the  motions  of  water  are  very  irregular, 
particularly  in  channels  with  rough  linings  or  variable  sections,  and 
that  masses  of  water  find  their  way  from  the  bottom  to  the  surface  in 
the  middle  of  the  channel  as  well  as  elsewhere.  The  idea  which  he 
wishes  to  convey  is,  that  in  most  cases  the  resultants  of  these  irregular 
movements  are  in  the  directions  indicated. 

If  the  theory  which  has  been  advanced  is  true,  observations  should 
show  the  following  features  : 

1.  An  upward  flow  at  the  side  of  a  channel. 

2.  A  surface  flow  towards  the  centre  of  a  channel. 

3.  The  depression  of  the  maximum  velocity  should  increase  with  the 
roughness  of  the  lining. 

4.  The  depression  of  the  maximum  velocity  should  increase  as  the 
channel  becomes  deeper  in  proportion  to  its  width  ;  since  increased 
depth  adds  to  the  number  of  obstructions  at  the  sides  and  thereby 
increases  the  upward  flow,  while  increased  width  removes  the  middle  of 
the  channel  further  from  the  influence  of  the  inward  flow  at  the  surface. 

5.  The  depression  of  the  maximum  velocity  should  be  greater  in  a 
channel  with  vertical  sides  than  in  one  where  the  sides  are  inclined,  since 
the  ratio  of  the  number  of  obstructions  at  the  sides  to  the  number  at  the 
middle  of  the  channel  is  greater  in  the  former  case  than  in  the  latter. 

6.  If  the  lining  of  the  sides  and  bottom  are  not  of  the  same  charac- 
ter, the  greater  depression  of  the  maximum  velocity  should  occur  when 
the  sides  have  the  rougher  lining. 

*  The  upward  flow  at  the  sides  of  channels  and  its  effect  in  depressing  the  maximum 
velocity  was  first  brought  to  my  attention  about  six  years  since  by  Mr,  Hiram  F.  Mills,  Engi- 
neer of  the  Essex  Company,  Lawrence,  Mass.,  during  some  conversation  about  a  certain 
vertical  velocity-curve.  From  some  recent  correspondence  with  Mr.  Mills,  I  have  learned 
that  at  the  time  this  conversation  took  place  he  had  investigated  the  subject  and  had  written 
a  paper  about  it  which  has  not  yet  been  published.  In  view  of  this  knowledge,  I  decided  not 
to  present  the  second  part  of  this  paper,  but  changed  my  decision  at  his  request. 
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Obseevations  Supporting  the  Theory. 

1.  —  Upward  flow  at  the  sides  of  a  channel. 

At  the  current- meter  station  in  the  Sudbury  Conduit,  it  was  observed 
that  of  the  many  bubbles  which  floated  past  none  were  within  about 
1  foot  of  the  sides  of  the  conduit.  This  is  evidence  that  the  surface 
water  near  the  sides  came  from  below,  otherwise  the  bubbles  would 
have  been  distributed  over  all  parts  of  the  surface. 

The  feature  just  noted  was  also  very  marked  in  a  straight  channel 
about  6  feet  wide  paved  with  rough  rubble-stones  laid  without  mortar. 

A  further  test  of  the  theory  of  upward  flow  was  made  by  increasing 
the  obstruction  at  the  side  until  the  upward  flow  was  made  visible.  This 
was  done  by  placing  a  6-inch  board  vertically  in  the  current  at  the  side 
of  a  rectangular  channel  19  feet  wide.  Sawdust  was  mixed  with  the  water 
so  that  its  motions  might  be  traced,  and  it  was  observed  that  the  water 
flowed  from  below  along  the  up-stream  face  of  the  board  to  the  surface, 
where  it  moved  towards  the  middle  of  the  channel. 

2. — Surf  ace  flow  towards  the  centre  of  a  channel. 

The  observations  already  noted  as  supporting  the  theory  of  upward 
flow  are  almost  equally  applicable  to  inward  flow  at  the  surface,  and,  in 
addition,  may  be  quoted  Major  Allan  Cunningham's  statement,*  based 
chiefly  upon  his  Roorkee  Hydraulic  Experiments,  that  "  even  with  arti- 
ficial straight  banks  the  employment  of  floats  close  to  the  edge  is  very 
difficult,  in  consequence  of  a  prevailing  transverse  surface-current  from 
the  edges,  which  is  so  marked  that  in  a  float-course  only  1\  inches  from 
a  straight  vertical  bank,  occasionally  one  hundred  surface  floats  were  run 
before  three  were  obtained  in  fair  course  over  a  12^-feet  run.  This  trans- 
verse surface-flow  is  supposed  by  some  to  be  caused  by  the  reduction  of 
pressure  at  the  centre,  consequent  on  the  higher  central  velocity  .f  To 
keep  up  the  water-level  at  the  edge,  this  surface-flow  from  the  edge  clearly 
involves  a  sub-surface-flow  towards  the  edges  ;  the  experiments  showed 
this  indirectly,  in  that  the  deeply- immersed  double-floats  and  rods  moved 
without  any  general  bias." 

The  statement  above  quoted  is  based  upon  extensive  experiments  and 
is  very  conclusive  as  regards  the  upward  and  inward  flow  of  water,  though 

♦  Recent  Hydraulic  Experiments,  pp.  25  and  26. 

1  On  the  Steady  Flow  of  a  Liquid.  By  Henry  Moseley,  Canon  of  Bristol.  Philosophical. 
Magazine,  Vol.  XLIL,  p.  353;  ^^ol.  XLIV.,  p.  44. 
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the  suggestion  as  to  the  cause  conflicts  with  the  ideas  advanced  in  this 
paper. 

3. — Depression  of  the  maximum  velocity  due  to  increased'roughness  of  lining. 

This  feature  is  shown  plainly  in  the  experiments  of  Darcy  andBazin;* 
the  most  marked  instances  being  seen  by  comparing  the  distribution  of 
velocities  in  rectangular  channels  lined  with  pure  cement  or  planks,  with 
that  in   similar  channels  lined  with  planks  to  which  laths  had  been 

nailed  every   2   inches   \7)  cxk)  >  also  by  comparing  semicircular  chan- 
nels lined  with  pure  cement  and  with  gravel. 

4.  —  Tlie  inc7'eased  depression  of  the  maximum  velocity  due  to  increased  ratio 
of  depth  to  width. 

This  feature  is  plainly  shown  on  Plate  XX.,  p.  324,  which  represents 
the  distribution  of  velocities  in  the  Sudbury  Conduit  with  different  depths 
of  water  ;  it  also  appeared  prominently  in  the  experiments  of  Darcy  and 
Bazin  and  is  referred  to  by  them.f 

The  experiments  of  RevyJ  on  the  La  Plata,  taken  where  the  water  was 
25  feet  deep,  several  miles  from  the  shore,  showed  the  maximum  velocity 
to  be  at  the  surface,  also  that  the  velocity  decreased  from  the  surface  to 
the  bottom  at  a  uniform  rate.  These  experiments  may  be  said  to  indicate 
that,  at  a  point  sufficiently  removed  from  the  influence  of  the  sides,  any 
channel  having  a  nearly  level  bottom  wilFalso  have  the  maximum  velo- 
city of  current  at  the  surface.  This  cannot,  however,  be  considered  more 
than  an  indication,  since  the  experiments  were  few  in  number,  and  were 
made  upon  only  one  vertical  in  a  channel  affected  somewhat  by  tides. 

5. — The  greater  depression  of  the  maximum  velocity  when  the  sides  are  ver- 
tical than  when  they  are  inclined. 

This  feature  is  noticeable  in  the  experiments  of  Darcy  and  Bazin 
when  the  distribution  of  velocities  in  triangular  or  semicircular  channels 
is  compared  with  the  distribution  in  rectangular  channels  having  the 
same  linings ;  it  is  not  shown  so  definitely,  however,  as  the  other  fea- 
tures already  referred  to . 

*  Recherches  Hydrauliques,  Plates  XIX.,  XX.  and  XXI. 

t  Recherches  Hydrauliques;  Text,  pp.  233,  234;  Plates  XVIII.-XXI. 

t  Hydraulics  of  Great  Rivers,  by  J.  J.  R6vy,  Plate  II. 
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In  an  experiment  made  in  a  canal  lined  with  planks,  one  side  being 
vertical  and  the  other  inclined  at  an  angle  of  45  degrees,  the  maximum 
velocity  was  not  in  the  middle  of  the  channel,  but  was  nearer  the  inclined 
side,  indicating  a  stronger  flow  of  the  slow-moving  water  from  the  ver- 
tical side  than  from  the  other.  In  another  canal  having  a  form  similar 
to  the  one  last  described,  but  in  which  the  nearly  vertical  side  was  of 
masonry  laid  in  mortar,  the  bottom  of  muddy  earth,  and  the  inclined  side 
a  paving  of  rubble-stone,  laid  dry,  for  nearly  the  full  height  with  earth 
above  it,  the  maximum  velocity,  instead  of  being  nearer  the  inclined  side, 
was  very  near  the  vertical  wall.  It  appears  in  this  case  that  the  rough- 
ness of  the  inclined  side,  shown  by  the  drawing*  as  well  as  indicated  by 
the  description,  had  a  greater  effect  in  increasing  the  upward  flow  than 
its  inclination  had  in  decreasing  it. 

6.  —  The  increased  depression  of  the  maximum  velocity  when  the  lining  of 
the  sides  is  rougher  than  the  lining  of  the  bottom. 

No  experiments  bearing  upon  this  subject  could  be  found,  except  the 
on-e  just  referred  to  in  which  the  influence  of  different  linings  was  com- 
bined with  the  influence  of  an  unsymmetrical  section  of  channel. 

Conclusions  of  other  Writers. 

The  conclusions  reached  and  theories  advanced  by  some  writers  who 
have  sought  to  explain  why  the  maximum  velocity  is  below  the  surface, 
will  be  referred  to  briefly  for  purposes  of  comparison. 

Mr.  Francis  has  suggested!  that  it  may  be  due  to  the  slow-moving 
water  at  the  bottom  rising  in  masses  to  the  surface,  and  to  show  that 
such  an  action  does  take  place,  he  gives  an  account  of  some  experi- 
ments which  showed  that  whitewash  discharged  in  the  middle  of  a  canal 
a  few  inches  above  its  bottom  appeared  at  the  surface  not  very  far  down 
stream.  He  does  not  think  it  can  be  attributed  in  a  large  degree  to  the 
resistance  of  the  air. 

Gen.  T.  G.  Ellis  has  made  the  following  statement:  J  "It  has  troubled 
hydraulic  engineers  a  great  deal  to  know  what  causes  this  resistance  at 
the  surface,  and  I  will  confess  that  I  am  unable  to  solve  that  problem, 
although  there   is  some  reason,  in  my  opinion,  to    believe  that  it  is 

*  Recherches  Hydrauliques,  Plate  XXIII. 
t  Transactions  of  the  Society,  May,  1878. 
t  Transactions  of  the  Soci^jty,  May,  1878,  p.  123, 
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caused  by  the  resistance  of  the  banks  and  of  the  bottom  near  the 
banks.  We  find  that  in  very  wide  and  shallow  streams  the  velocity  ap- 
proaches very  near  the  surface,  while  in  deep  streams,  with  steep  banks, 
the  thread  of  greatest  velocity  is  carried  lower  down.  As  instances  of 
this,  there  are  the  experiments  of  Mr.  Kevy,  on  a  section  5  miles 
wide  with  a  depth  of  40  or  50  feet,  in  which  he  observes  the  cur- 
rent and  finds  the  greatest  velocity  at  the  surface;  and  in  the  experiments 
of  Darcy  and  Bazin,  as  published  in  their  works,  we  find  that  in  rect- 
angular channels  we  have  the  greatest  velocity  nearly  in  the  middle  of 
the  section;  the  retardation  at  the  middle  of  the  surface  seems  to  be 
communicated  in  some  way  from  the  sides;  the  water  near  the  sides  being 
so  much  slower,  would  seem,  being  near  the  surface,  to  hold  it  back  near 
the  middle.  It  seems  to  me  that  this  offers  the  only  plausible  solution 
of  the  problem.  It  is  found  that  in  very  wide  rivers  we  have  the 
greatest  velocity  near  the  surface,  and  in  rivers  with  contracted  and 
steep,  perpendicular  banks,  the  thread  of  greatest  velocity  is  carried  down 
almost  to  the  middle.     That  fact  would  seem  to  verify  this  theory." 

In  another  place  he  says:  "  I  think  Mr.  Francis  is  undoubtedly  right 
in  saying  that  it  is  not  the  effect  of  wind  or  the  resistance  of  the  air  upon 
the  surface  of  the  water  that  causes  the  retardation." 

Mr.  Charles  E.  Emery  has  given  an  explanation,*  based  upon  the  as- 
sumption that  particles  of  water  move  in  paths  that  are  approximately 
cycloidal  curves . 

Prof.  DeVolson  Wood,  premising  that  a  downward  flow  of  particles  of 
water  from  the  surface  to  the  bottom  must  occur  to  replace  the  water 
rising  from  the  bottom,  as  demonstrated  by  the  experiments  of  Mr. 
Francis,  says :t  "That  gravity  acting  upon  the  particles  during  their 
descent  would  accelerate,  or  at  least  would  tend  to  accelerate,  their 
motion;  and  that  the  action  of  gravity,  combined  with  the  motions  im- 
pressed by  the  mutual  actions  of  the  particles,  might  account  for  the 
position  of  the  point  of  the  maximum  velocity." 

Mr.  D.  Farrand  Henry,  after  a  comprehensive  review  of  accessible 
experiments,  states,  J  that  the  descent  of  the  maximum  velocity  seems  to 
depend  upon  the  ratio  of  the  depth  to  the  width,  increasing  with  the 
depth,  and  upon  the  character  of  the  bed,  increasing  somewhat  with  its 


*  Transactions  of  the  Society,  May,  1878,  p.  1?4. 

t  On  the  Flow  of  Water  in  Rivers;  Transactions  of  the  Society,  July,  1879,  p.  174. 
t  On  the  Flow  of  Water  in  Rivers  and  Canals,  by  D.  Farrand  Henry;  Journal  of  the  Frank- 
lin Institute,  1871,  Vol.  LXII.,  p.  327. 


337 

roughness;  also,  that  the  maximum  velocity  is  lower  in  rectangular  than 
in  triangular  channels.  He  also  notes  a  fact  which  is  observable  by  an 
inspection  of  Plate  XX.,  that  the  lines  of  equal  velocity  follow  approxi- 
mately parallel  with  the  bottom  and  sides  until  in  the  vicinity  of  mid- 
depth,  **  when  they  bend  inwards  toward  the  centre,  as  if  forced  off 
rom  the  upper  portion  of  the  vertical  sides. " 

Among  the  experiments  of  Darcy  and  Bazin  are  some*  on  the  flow 
through  a  covered  rectangular  flume  running  full  under  a  small  pressure, 
and  when  running  half  full  under  the  ordinary  conditions  of  an  open 
channel.  In  the  former  case  the  lines  of  equal  velocity  followed  the 
form  of  the  section  with  almost  rigid  exactness,  while  in  the  latter  case 
they  show  the  peculiar  irregularities  observable  in  the  other  open  rect- 
angular channels.  Eeferring  to  these  experiments,  M.  Bazin  remarks, 
that  the  uniform  distribution  of  velocities  in  the  flume,  when  filled, 
is  caused  by  the  invariability  of  the  sides,  which  establishes  a  kind  of 
solidarity  between  all  parts  of  the  liquid,  and  opposes  all  irregular  move- 
ments and  ripples  such  as  are  noticed  upon  the  surface  of  canals.  He 
adds:!  "^^  the  flow  in  the  open  channel,  on  the  contrary,  the  absence 
of  resistance  upon  the  upper  surface  of  the  current  and  the  want  of 
symmetry  and  invariability  in  the  section  favors  the  production  of  all 
kinds  of  irregular  movements  that  approach  the  surface;  and  it  is  to 
this  cause,  without  doubt,  that  we  may  attribute  in  a  great  part  the 
diminution  of  velocity  in  the  surface  layers."  After  stating  that  it  can- 
not be  due  to  the  resistance  of  the  air,  he  concludes:  "  It  is,  therefore, 
in  the  very  nature  of  the  constituent  parts  and  in  the  interior  movements 
of  the  current  that  we  must  seek  the  cause  of  the  irregularities  which 
are  produced  in  the  upper  layers." 

The  latest  observations  on  this  subject  which  have  come  to  the 
writer's  notice  are  those  of  Major  Cunningham.  As  a  result  of  his  ex- 
periments at  Koorkee,  he  observes: J  "That  neither  the  actual  nor  the 
proportionate  depression  of  the  maximum  velocity  depends  much  on  the 
depth  of  water,  surface-slope,  velocity,  or  state  of  wind;"  also,  *'A11 
modern  experiment  shows  that  forward  velocity  decreases  with  approach 
to  a  resisting  margin.  It  appears  to  the  author  that  the  air  itself  must 
be  looked  on  as  an  efficient  upper  resisting  margin  in  all  open  channels, 
and  if  air  be  resistant  at  all,  then  it  is  an  ever-present  cause  of  retarda- 

*  Recherches  Hydrauliques,  Plate  XVIII. 
t  Recherches  Hydrauliques,  pp.  180-181. 
t  Recent  Hydraulic  Experiments,  p.  18. 
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tion  of  forward  surface-flow.  If  it  be  so  even  in  a  small  degree,  the 
maximum  velocity -line  must  necessarily  be  everywhere  depressed,  and  in 
a  rectangular  channel  this  depression  would  increase  towards,  and  be 
greatest  (but  above  mid-depth)  at  the  banks,  because  the  resistance  of 
the  wet  border,  namely,  sides  and  tops,  would  increase  towards  the 
banks.  These  conclusions  agree  with  the  results  shown  in  both  Bazin's 
experiments  and  in  the  Koorkee  hydraulic  experiments." 

From  the  quotations  which  have  been  given,  it  will  be  seen  that  the 
opinions  held  by  different  writers  as  to  the  cause  of  the  depression  of 
the  maximum  velocity  are  very  diverse,  and  it  may  be  that  the  next  one 
who  essays  to  elucidate  the  subject  will  place  the  theory  advanced  in  this 
paper  among  those  from  which  he  dissents.  In  reviewing  the  whole 
subject,  however,  the  author  finds  the  evidence  very  strong  that  an  up- 
ward flow  at  the  sides  and  a  flow  toward  the  centre  at  the  surface  are 
reasons  for  a  lowering  of  the  position  of  the  maximum  velocity. 
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DISCUSSION    ON    THE    INCREASED  EFFICIENCY  OF   RAILWAYS 
FOR  THE  TRANSPORTATION  OF  FREIGHT.* 


Chakles  Douglas  Fox,  Cor.  M.  Am.  Soc.  C.  E.  (by  letter). — 
I  regret  that  I  am  so  much  occupied  with  professional  engagements  at 
present  as  to  be  quite  unable  to  do  justice  to  the  important  questions 
brought  under  review  in  the  paper  to  which  you  call  my  attention. 

English  railway  managers  and  engineers  have  long  realized  the  great 
importance,  with  a  view  to  economy  of  working,  of  a  thoroughly  sub- 
stantial "road-bed,"  and  the  formation  widths  on  the  chief  railways  are 
now  made  30  feet,  both  in  cuttings  and  on  embankments,  for  a  double 
line.  The  greatest  care  is  taken  to  thoroughly  drain  this  formation  in 
cuttings  by  the  use  of  deep  grips  on  each  side,  having  earthenware  drain 
pipes  laid  in  them,  and  filled  in  with  broken  stone  or  other  dry  material, 
the  water  being  carefully  led  away  at  the  mouth  of  the  cutting.  The 
ballast,  consisting  of  broken  stone,  clean  gravel,  coarse  sand,  burnt  clay 
or  ashes,  is  not  allowed  to  be  less  than  1  foot  in  thickness  below  the 
bottom  of  the  sleepers  (or  cross-ties) ;  the  dimensions  for  a  double  line 
being  not  less  than  22  feet  wide  at  bottom,  27  feet  wide  at  top,  by  2  feet 
thick,  well  packed  under  the  sleepers,  and  opened  up  intermediately  for 
drainage.  For  lines  of  constant  and  heavy  traffic,  requiring  a  tolerably 
frequent  renewal  of  sleepers  and  rails,  the  bull-head   (a  double-headed 

*  Transactions  Am.  Soc.  C.  E.,  Vol.  XI.,  p.  365,  No.  OCXLVIII,,  by  William  P.  Shinn,  M. 
Am.  Soc.  C.  E.  (November,  1882);  also,  Vol.  XII.,  p.  126  (April,  1883);  p.  180  (May,  1883),  and  p. 
189  (June,  1883). 
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rail,  having  a  large  top  member  for  wear,  and  a  very  small  bottom  mem- 
ber) is  found  to  be  the  best  section  for  steel  rails,  being  more  readily 
handled  than  the  Vignoles  section,  and  not  requiring  reversing,  as  in  the 
case  of  double-headed  rails,  with  equal  sections  in  the  top  and  bottom 
members. 

The  weight  of  these  rails  is  84  pounds  per  lineal  yard,  fished  with 
deep  fish-plates,  or  in  some  cases  with  ordinary  fish-plates  resting  in  a 
joint  chair.  The  chairs  weigh  from  40  up  to  46  pounds  each,  and  the 
rails  are  secured  in  them  by  keys  of  compressed  oak,  the  chairs  them- 
selves being  fastened  to  the  sleepers  by  two  spikes  and  two  treenails.  The 
sleepers,  sometimes  creosoted,  but  often  not,  are  of  Baltic  redwood,  cut 
from  10-incli  by  10-inch  by  8 }  ^  feet  blocks,  sawn  through  the  middle, 
and  they  are  laid  about  2  160  to  the  mile  of  double  line. 

The  tendency  of  English  railway  companies  is  increasingly  to  expe- 
dite traffic,  both  in  passengers  and  goods,  not  by  higher  rates  of  speed, 
but  by  reducing  the  number  of  stoppages,  and  with  a  view  to  this,  the 
number  of  facing  points  at  stations  is  reduced  to  a  minimum,  and  such 
as  cannot  be  avoided  are  locked  with  the  signals  by  a  bar  which  renders 
it  impossible  to  move  the  switch  whilst  a  train  is  passing  over  it. 

The  system  of  interlocking  signals  and  block  sections,  operated  by 
telegraph,  has  very  much  increased  the  carrying  capacity  of  our  railways, 
whilst  minimizing  accidents. 

The  trunk  lines  are  gradually  quadruplicating  their  tracks,  in  some 
cases  throughout,  in  others  by  the  insertion  of  sidings  several  miles  in 
length,  enabling  fast  trains  to  overtake  and  pass  by  the  goods  trains 
without  impeding  the  progress  of  the  latter. 

Shunting  engines  are  often  worked  continuously,  but  there  is,  I  think, 
a  very  general  feeling  in  England  in  favor  of  identifying  the  driver  with 
his  engine,  and  holding  him  responsible  for  its  efficient  working.  On 
some  lines  the  name  of  the  driver  is  attached  to  the  engine  in  a  conspic- 
uous place.  Where  water  is  bad,  continuous  working  naturally  tends 
to  increase  priming. 

The  practice  of  companies  differs  as  to  the  ownership  of  wagons,  some 
encouraging,  but  the  majority  discouraging  the  running  of  rolling  stock 
belonging  to  private  traders. 

The  accompanying  regulations  of  our  Board  of  Trade,  for  the  con- 
struction and  working  of  railways,  may  be  interesting  to  members  who 
may  not  have  already  seen  them. 
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REGULATIONS  OF  THE  ENGLISH  BOARD  OF  Tf.ADE,  FOR 
THE  CONSTRUCTION  AND  WORKING  OF  RAILWAYS. 


A. 

DOCUMENTS  TO  BE  SENT  TO  THE  KAIL  WAY  DEPARTMENT, 

BOARD  OF  TRADE, 

Tkevtously   to   the   Second   Notice   of  the  Intention   to   Open  a 

Railway  being  given. 

I.  — A  copy  of  the  parliamentary  plan  and  section,  with  any  deviations 
which  may  have  been  made  during  construction  marked  thereon  in  red; 
and  with  the  corrections  in  the  distances,  levels,  inclinations,  sections  of 
ground,  and  radii  of  curves,  rendered  necessary  by  such  deviations,  also 
marked  in  red;  as  well  as  the  positions  of  the  several  stations,  and  the 
lengths  and  heights  of  the  platforms;  and  the  widths  of  cuttings  and 
embankments  on  each  side  of  the  railway. 

II. — A  table   of  gradients  and  1 
level  portions,  with  the  positions 
of  the  stations  distinctly  shown. 

III. — A  table  of  curves  and 
straight  portions. 

IV. — A  table  of  cuttings  and 
embankments. 

V. — A  table  of  the  bridges  for 
■roads  crossed  by  the  railway. 

VI. — A  table  of  the  bridges  and  j^ 
viaducts  over  watercourses  and  val- 
leys. 

VII. — A  table  of  all  level  cross- 
ings, public,  occupation,  private, 
bridle  or  foot-way. 

VIII.— A  table  of  tunnels. 

IX. — A  table  of  aqueducts  and 
of  culverts  3  feet  or  more  in  dia- 
meter, j 


According  to  the  forms  forwarded 
herewith,  observing  that  the  situa- 
tions of  works,  &c.,  should  be  de- 
scribed in  each  by  reference  to  the 
same  fixed  point;  and  that  it  will  be 
convenient  if  the  station  nearest  to 
the  metropolis,  for  a  main  line,  or 
the  junction  with  the  main  line  for 
a  branch  railway,  be  adopted  as 
such  point  of  reference. 
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X. — A  statement  affording  detailed  information  under  the  following 
heads: 

1st.  Pekmanent  Way.— Whether  the  line  be  double  throughout,  or 
partly  double  and  partly  single,  or  single  throughout  with  sidings;  the 
distances  from  the  fixed  point  adopted  in  the  tables,  at  which  the  single 
portions  commence  and  terminate— or,  for  a  single  line,  at  which  the 
sidings  commence  and  terminate;  whether  the  land  has  been  purchased 
for  an  additional  line  of  rails,  or  whether  any  other  arrangements  have 
been  made  with  a  view  to  adding  an  additional  line  at  a  future  period; 
the  width  of  the  line  at  formation  level;  the  gauge;  the  width  between, 
the  lines  where  double;  the  description  of  rails  employed,  with  a  dia- 
gram section,  their  length  and  weight  per  yard;  the  description  and 
weight  of  the  chairs,  where  these  are  employed;  the  mode  of  fixing  the 
chairs  and  securing  the  rails;  the  fastenings  adopted  for  the  joints  of  the 
rails;  the  description  of  sleepers,  with  their  smallest  and  average  scant- 
ling and  length;  their  distances  from  centre  to  centre  if  transverse,  and 
if  longitudinal  the  details  of  any  ties  by  which  they  are  connected;  the 
nature  of  the  ballast,  and  its  depth  below  the  under  surface  of  the  sleep- 
ers; the  description  of  points  adopted;  the  number  and  positions  of  all 
facing  points  connected  with  the  main  line;  and  the  names  of  the  stations 
or  other  places  at  which  engine-turntables  are  provided. 

2d.  Fences. — Description  of  fencing  adopted  on  each  portion  of  the 
line,  especially  the  height  of  the  rails,  and  distance  between  posts,  if 
post  and  rail;  the  height,  number  of  wires,  distance  between  supports, 
and  means  of  straining,  in  the  case  of  wire  fencing. 

3d.  Deainage. — General  description  of  the  drainage  employed;  and 
if  on  any  part  of  the  line  it  has  been  attended  with  peculiar  difficulty,  a 
detailed  description  should  be  given. 

4th.  Stations. — Their  names  and  their  distances,  at  the  commence- 
ment and  termination,  respectively,  from  the  fixed  point;  the  gradients 
on  which  they  are  situated  and  approached;  the  length  of  the  platforms 
and  their  height  above  the  level  of  the  rails;  and  the  positions  of  and 
distances  between  the  home  and  the  distant  signals. 

5th.  Width  of  Line. — The  minimum  space  allowed  from  a  height  of 
2  feet  6  inches  above  the  rails,  between  the  sides  of  the  widest  carriages 
in  use  upon  the  railway  and  any  fixed  works,  such  as  pillars  and  walls  at 
stations,  abutments,  piers,  supports,  arches,  girders,  telegraph  posts, 
sheds,  &c. ,  along  the  line.     The  minimum  section  of  each  tunnel  should 
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be  appended,  showing  within  it  a  section  of  the  widest  carriage  to  be 
used  on  the  line. 

6th.  Bridges  and  Viaducts. — Drawings  in  detail  of  all  bridges  and 
viaducts,  either  over  or  under  the  railway,  accompanied  by  sufficient  in- 
formation to  allow  of  the  probable  strength  of  each  being  ascertained  by 
calculation,  and  by  sections  showing  the  distances  between  the  girders 
and  the  sides  of  the  widest  carriages  to  be  used  on  the  line,  when  the 
girders  are  more  than  2  feet  6  inches  above  the  level  of  the  rails. 

7th.  Diagrams  of  all  junction  and  station  arrangements. 

XI.  — Caeeiages  to  be  used  foe  the  Conveyance  of  Paeliamentaey 
OR  Cheap  Teain  Passengees  undee  the  Act  7  &  8  Vict.  ,  c.  85 . — The 
following  minimum  dimensions  should  be  observed  in  the  construction 
of  these  carriages :  They  should  contain  20  cubic  feet  of  space  per  pas- 
senger ;  the  area  of  the  glass  windows  should  afford  60  superficial  inches 
per  passenger;  they  should  be  provided  with  proper  means  of  ventila- 
tion, and  with  two  lamps  at  least  to  each  carriage;  the  seats  should  be 
provided  with  backs,  should  be  15  inches  broad,  and  should  afford  18 
inches  in  width  per  passenger.  Drawings  of  these  carriages,  consisting 
of  the  three  following  figures,  to  a  scale  of  not  less  than  4  feet  to  an 
inch,  viz. : 

1.  An  outside  elevation,  showing  the  positions  of  the  windows,  ven- 
tilators and  lamps. 

2.  A  transverse  section. 

3.  An  inside  plan,  showing  the  arrangements  of  the  several  seats, 
with  references  by  letters,  specifying  the  width  and  length  of  each  seat, 
and  the  number  of  passengers  to  be  accommodated  on  each;  also  a  mem- 
orandum of  the  size  of  the  windows  and  ventilators,  stating  whether 
they  are  fixed  or  constructed  to  open  and  close,  and  the  positions  of  the 
lamps  for  lighting  the  carriages  at  night. 


I 


B. 

MEMOEANDUM  OF  IMPORTANT  REQUIREMENTS. 

1.  The  requisite  apparatus  should  be  provided  at  the  period  of 
inspection  for  ensuring  an  adequate  interval  of  space  between  following 
trains. 

2.  Home-signals  and   distant-signals  for  each  direction  should   be 
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supplied  at  stations  and  junctions  ;  with  extra  signals  for  such  sidings 
as  are  used  either  for  the  arrival  or  for  the  departure  of  trains. 

3.  The  levers  of  points  and  signals  should  be  brought  close  together, 
into  the  position  most  convenient  for  the  person  working  them,  and 
should  be  interlocked.  The  points  should  be  provided  with  double  con- 
necting rods.  The  levers  of  the  points  should  be  sufficiently  long  to 
enable  the  pointsmen  to  work  them  without  risk  or  inconvenience,  and 
should  not  be  placed  on  the  ground  between  the  lines  of  rails.  Any 
signal  which  is  worked  by  a  wire  or  rod  should  be  so  weighted  as  to  fly 
to  or  to  remain  at  "  danger  "  on  the  fracture  of  the  wire  or  rod. 

4.  The  levers  of  points  and  signals  should,  as  a  rule,  be  brought 
together  under  cover  upon  a  properly  constructed  stage,  with  glass  sides 
inclosing  the  apparatus.  They  should  be  so  arranged  that  while  the 
signals  are  at  danger  the  points  shall  be  free  to  move ;  that  a  signal- 
man shall  be  unable  to  lower  a  signal  for  the  approach  of  a  train  until 
after  he  has  set  the  points  in  the  proper  direction  for  it  to  pass  ;  that  it 
shall  not  be  possible  for  him  to  exhibit  at  the  same  moment  any  two 
signals  that  can  lead  to  a  collision  between  two  trains  ;  and  that  after 
having  lowered  his  signals  to  allow  a  train  to  pass  he  shall  not  be  able 
to  move  his  points  so  as  to  cause  an  accident  or  to  admit  of  a  collision 
between  any  two  trains.  The  facing  points  should  be  provided  with 
apparatus  which  will  ensure  the  points  being'  in  their  proper  positions 
before  the  signals  are  lowered,  and  which  will  prevent  the  signalman 
from  shifting  the  points  whilst  a  train  is  passing  them.  Every  signal- 
man should  be  able  to  see  the  arms  and  the  lamps  of  the  home  as  well 
as  the  distant  signals,  and  the  working  of  the  points  or  of  the  indicators 
showing  their  position,  the  back  lights  of  the  lamps  being  made  as 
small  as  possible  having  regard  to  efficiency.  When  the  front  lights  are 
visible  to  the  signalman  in  his  cabin,  no  back  lights  should  be  provided. 
The  fixed  lights  in  the  signal-cabins  should  be  screened  ofi",  so  as  not  to 
be  mistakeable  during  fogs  for  the  signals  exhibited  to  control  the 
running  of  trains.  If,  from  any  unavoidable  cause,  the  arm  or  lamp  of 
any  signal  cannot  be  seen  by  the  signalman,  a  repeater  should  be  pro- 
vided in  the  cabin.  Clocks  should  be  placed  in  conspicuous  positions 
for  the  use  of  the  signalmen. 

5.  Facing  points  should  be  avoided  as  far  as  possible,  but  when  used 
they  should  be  secured  by  facing  point  locks  and  locking  bars  ;  the 
length  of  the  locking  bars  should  exceed  the  greatest  distance  between 
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the  adjacent  wheels  of  passengers'  carriages,  and  the  stock  rails  should 
have  the  gauge  preserved  bj  gauge  ties.  When  facing  points  cannot  be 
dispensed  with,  they  should  be  placed  as  near  as  possible  to  the  levers 
by  which  they  are  worked  or  bolted,  and  in  no  instance  at  a  greater 
distance  than  150  yards  from  those  levers.  The  points  should  be  worked 
or  bolted  by  rods  and  not  by  wires. 

6.  It  being  necessary  that  a  uniform  system  of  signals  should  be 
adopted  on  all  railways,  the  semaphore  arm  should  at  junctions  be  on 
separate  posts  or  on  brackets  ;  and  at  stations  when  there  is  more  than 
one  arm  on  one  side  of  a  post,  they  should  be  made  to  apply, — the  first 
or  upper  arm  to  the  line  on  the  left,  the  second  arm  to  the  line  next  in 
order  from  the  left,  and  so  on  ;  but  in  cases  where  the  main  or  more 
important  line  is  not  the  one  on  the  left,  separate  signal-posts  should  be 
provided,  or  the  arms  should  be  on  brackets.  The  distant-signals 
should  be  distinguished  by  notches  cut  out  of  the  ends  of  the  sema- 
phore arms  where  such  are  employed.  In  no  case  should  a  distant- 
signal  arm  be  placed  above  a  home-signal  arm  on  the  same  post  for 
trains  going  in  the  same  direction.  In  the  ease  of  sidings,  a  low  and 
short  arm,  distinct  from  the  arm  or  arms  for  the  passenger  lines,  may  be 
employed. 

7.  The  junctions  between  passenger  lines  and  goods  and  mineral 
lines  and  sidings  should  be  protected  by  home  and  distant  signals. 
The  sidings  should  be  so  arranged  that  the  shunting  carried  on  at  them 
shall  present  the  least  possible  obstruction  to  the  passenger  lines. 
There  should  be  safety  points  upon  each  goods  and  mineral  line  and 
siding,  with  the  points  closed  against  the  passenger  lines  and  inter- 
locked with  the  signals.  In  the  case  of  sidings  joining  single  lines  on 
favorable  gradients,  where  the  train  staff  and  ticket  system  is  in  use  for 
working  the  traflSc,  a  key  attached  to  the  staff  may  be  used  lor  opening 
the  sidings,  and  signals  may  be  dispensed  with. 

8.  When  a  junction  is  situated  near  to  a  passenger  station,  or  is  con- 
nected with  goods  or  mineral  sidings,  the  platforms  and  sidings  should 
be  so  arranged  as  to  prevent,  as  far  as  possible,  any  necessity  for  shunt- 
ing over  the  junction. 

9.  The  junctions  of  all  railways  should,  in  ordinary  cases,  be  formed 
as  double-line  junctions. 

10.  The  lines  of  railway  leading  to  the  passenger  platforms  should 
be  so  arranged  that  the   engines,  as  they  arrive   and  depart   from  a 
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station,  shall  always  be  in  front  of  the  passenger  trains  ;  and  that,  in  the 
case  of  double  lines  or  of  passing  places  on  single  lines,  each  line  shall 
have  its  own  platform. 

11.  Platforms  should  be  continuous,  and  not  less  than  6  feet  wide 
for  stations  of  small  traffic,  nor  less  than  12  feet  wide  for  important 
stations  ;  the  descent  at  the  ends  of  the  platforms  should  be  by  ramps, 
and  not  by  steps.  Pillars  or  columns  for  the  support  of  roofs  or  other 
fixed  works  should  not  be  nearer  to  the  edge  of  the  platform  than  6  feet. 
It  is  considered  desirable  that  the  height  of  the  platforms  above  the 
rails  should  not  be  less  than  2  feet  6  inches.  The  lines  should  be  laid 
down  so  as  to  leave  as  little  space  as  possible  between  the  edges  of  the 
platforms  and  those  of  the  continuous  footboards  on  the  carriages. 
Shelter  should  be  provided  on  every  platform,  and  conveniences  where 
necessary. 

12.  When  stations  occur  on  or  near  a  viaduct  or  bridge  under  the 
railway,  a  parapet  or  fence  on  each  side  should  be  provided,  sufficient 
to  prevent  passengers  falling  from  the  viaduct  or  bridge  in  the  dark. 
Viaducts  under  the  railway  should  be  provided  with  handrails  and  with 
projecting  platforms  for  the  protection  and  escape  of  the  platelayers. 
Viaducts  of  timber  and  iron  should  be  provided  with  manholes  and 
other  facilities  for  inspection. 

13.  The  steps  of  staircases  approaching  stations,  and  of  foot  bridges 
over  the  lines,  and  of  foot  sub- ways,  should  not  be  less  than  11  inches  in 
the  tread  nor  more  than  7  inches  in  the  rise,  and  all  such  staircases 
should  be  provided  with  efficient  handrails. 

14.  Clocks  should  be  provided  at  all  stations  in  positions  visible 
from  the  line. 

15.  Turntables  for  the  engines,  of  sufficient  diameter  to  enable  the 
longest  engines  and  tenders  in  use  on  the  line  to  be  turned  without  being 
uncoupled,  should  be  erected  at  terminal  stations,  and  at  junctions  and 
other  places  at  which  the  engines  require  to  be  turned,  except  in  cases 
of  short  single  lines  not  exceeding  15  miles  in  length,  where  the  stations 
are  not  at  a  greater  distance  than  3  miles  apart,  and  the  railway  company 
is  willing  to  give  an  undertaking  to  stop  all  trains  at  all  stations.  Care 
should  be  taken  to  keep  all  turntables  at  safe  distances  from  the  adjacent 
lines  of  rails,  so  that  engines,  wagons  or  carriages  when  being  turned 
may  not  foul  other  lines,  or  endanger  the  traffic  upon  them. 

16.  No  station  should  be  constructed,  and  no  siding  should  join  a 
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passenger  line,  on  a  steeper  gradient  than  1  in  260,  except  where  it  is 
unavoidable.  When  the  line  is  double,  and  the  gradient  at  a  station  or 
siding-junction  is  necessarily  steeper,  and  when  danger  is  to  be  appre- 
hended from  vehicles  running  back,  a  catch-siding,  with  points  weighted 
for  the  siding,  should  be  provided  further  down  the  incline  than  the 
passenger  platform,  siding-junctioui  or  goods  yard,  to  intercept  runaway 
vehicles.  Under  similar  circumstances,  when  the  line  is  single,  in  the 
case,  1st,  of  a  station,  a  second  line  should  be  laid  down,  a  second  plat- 
form should  be  constructed,  and  a  catch-siding  similarly  provided;  and 
in  the  case,  2d,  of  a  siding- junction,  means  should  be  provided  for 
placing  the  whole  train  in  sidings  clear  of  the  main  line  before  any 
shunting  operations  are  commenced. 

17.  In  a  cast-iron  bridge  the  breaking  weight  of  the  girders  should 
be  not  less  than  three  times  the  permanent  load  due  to  the  weight  of  the 
superstructure,  added  to  six  times  the  greatest  moving  load  that  can  be 
brought  upon  it. 

In  a  wrought-iron  or  steel  bridge  the  greatest  load  which  can  be 
brought  upon  it,  added  to  the  weight  of  the  superstructure,  should  not 
produce  a  greater  strain  on  any  part  of  the  material  than  5  tons  where 
wrought-iron  is  used,  or  6^  tons  where  steel  is  employed,  per  square 
^nch. 

The  engineer  responsible  for  any  steel  structure  should  forward  to 
the  Board  of  Trade  a  certificate  to  the  efi'ect  that  the  steel  employed  is 
either  cast-steel  or  steel  made  by  some  process  of  fusion  subsequently 
rolled  or  hammered,  and  of  a  quality  possessing  considerable  toughness 
and  ductility,  together  with  a  statement  of  all  the  tests  to  which  it  has 
been  subjected. 

18.  The  heaviest  engines  in  use  on  railways  afford  a  measure  of  the 
greatest  moving  loads  to  which  a  bridge  can  be  subjected.  These  rules 
apply  equally  to  the  main  and  the  transverse  girders.  The  latter  should 
be  calculated  for  the  heaviest  weights  carried  by  the  driving-wheels  of 
locomotive  engines. 

19.  It  is  desirable  that  viaducts  should,  as  far  as  possible,  be  wholly 
constructed  of  brick  or  stone,  and  in  all  such  cases  they  should  have 
parapet  walls  on  each  side,  about  4  feet  6  inches  in  height  above  the 
level  of  the  rails,  and  not  less  than  18  inches  thick. 

Where  it  is  not  practicable  to  construct  the  viaducts  of  brick  or 
stone,  and  iron  girders  are  made  use  of,  it  is  considered  best  that  in 
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important  viaducts  the  permanent  way  should  be  laid  between  the  main 
girders.  If,  however,  in  such  viaducts  the  main  girders  are  placed  below 
the  level  of  the  rails,  substantial  parapets,  about  4  feet  6  inches  in 
height,  must  be  provided;  and  as  a  further  protection,  substantial  guards 
should  be  fixed  outside,  above  the  level  of  and  as  close  to  the  rails  as 
possible,  but  not  so  as  to  interfere  with  the  steps  or  any  of  the  working^ 
parts  of  the  engine  or  trains. 

In  some  cases  similar  guards  may  be  required  when  viaducts  are 
constructed  of  other  materials  than  iron . 

Where  iron  is  made  use  of  for  the  construction  of  the  abutments  or 
piers  which  are  intended  to  support  or  carry  the  iron  girders  of  high 
bridges  and  viaducts,  it  must  be  distinctly  understood  that  these  abut- 
ments or  piers  should  not  consist  of  cast-iron  columns  of  small  size,  such 
as  12,  15,  or  18  inches  in  diameter. 

In  all  large  structures  of  this  kind  the  stability  of  the  work  must  be 
such  as  will  provide  for  a  wind  pressure  of  56  pounds  on  the  square 
foot. 

20.  The  upper  surfaces  of  the  wooden  platforms  of  bridges  and  via- 
ducts should  be  protected  from  fire. 

21.  The  joints  of  the  rails  should  be  secured  by  means  of  fish-plates, 
or  by  some  other  equally  secure  fastening.  The  weight  of  the  cast-iron 
chairs  on  branch  lines,  or  lines  on  which  the  traffic  will  be  small  and 
light,  and.  where  it  will  be  worked  by  engines  of  ordinary  construction, 
should  not  be  less  than  26  pounds  each  ;  but  on  main  lines,  and  where 
heavy  traffic  may  be  worked  at  high  speeds,  the  chairs  should  weigh  not 
less  than  28  pounds . 

22.  When  chairs  are  used  to  support  the  rails  they  should  be  secured 
to  the  sleepers,  at  least  partially,  by  iron  spikes  or  bolts.  With  flat- 
bottomed  rails,  when  there  are  no  chairs,  or  with  bridge  rails,  fang  or 
other  through-bolts  should  be  used,  at  least  at  the  joints  and  at  some 
intermediate  places. 

23.  No  standing  work  (other  than  a  passenger  platform)  should  be 
nearer  to  the  side  of  the  widest  carriage  in  use  on  the  line  than  2  feet  4 
inches,  at  any  point  between  the  level  of  2  feet  6  inches  above  the  rails 
and  the  level  of  the  upper  parts  of  the  highest  carriage  doors.  This 
applies  to  all  arches,  abutments,  piers,  supports,  girders,  tunnels, 
bridges,  roofs,  walls,  posts,  tanks,  signals,  fences,  and  other  works,  and 
to  all  projections  at  the  side  of  a  railway  constructed  to  any  gauge. 
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24.  The  intervals  between  adjacent  lines  of  rails,  or  between  lines  of 
rails  and  sidings,  should  not  be  less  than  6  feet. 

25.  At  all  level  crossings  of  turnpike  and  public  roads  the  gates 
should  be  so  constructed  as  to  close  across  the  railway,  as  well  as  across 
the  road,  at  each  side  of  the  crossing,  and  a  lodge  or  station-house 
should  be  provided,  as  is  required  by  Act  of  Parliament.  The  gates 
should  not  be  capable  of  being  opened  at  the  same  time  for  the  road  and 
the  railway,  and  all  sidings  and  connections  should  be  placed  so  that  the 
shunting  can  be  done  without  interfering  with  the  level  crossing.  When 
a  level  crossing  occurs  at  a  station,  there  should  be  a  box,  if  there  is  not 
a  lodge,  at  the  gates,  for  the  use  of  the  gate-keeper,  unless  the  gates  are 
worked  from  a  signal  cabin.  Wooden  gates  are  considered  preferable  to 
iron  gates  for  closing  across  the  railway. 

26.  The  fixed  signals  attached  to  the  gates  at  the  level  crossings 
should  be  placed  in  convenient  positions  for  being  seen  along  the  railway 
as  well  as  along  the  road.  When  a  level  crossing  is  so  situated  that  an 
approaching  train  cannot  be  seen  from  a  sufficient  distance,  distant- 
signals  (which  may  both  be  worked  by  one  lever)  should  be  supplied. 

27.  Mile-posts  and  quarter  and  half-mile  posts  and  gradient-boards 
should  be  provided  along  the  line. 

28.  Tunnels  and  long  viaducts  should  in  all  cases  be  constructed  with 
recesses  for  the  escape  of  the  plate-layers. 

29.  In  all  curves  where  the  radius  is  10  chains  or  less,  a  check-rail 
should  be  placed  inside  the  inner  rail  of  the  curve. 


c. 

MODES  OF  WORKING  SINGLE  LINES. 

In  the  case  of  a  line  being  single,  a  certificate,  under  the  seal,  and 
signed  by  the  chairman  and  secretary  of  the  company,  should  be  sent  to  the 
Board  of  Trade,  through  the  inspecting  officer,  to  the  effect  that  one  of  the 
two  following  modes  of  working  single  lines  will  be  adopted,  namely  : 

I. — That  only  one  engine  in  steam,  or  two  or  more  engines  coupled 
together,  shall  be  allowed  to  be  upon  the  single  line  at  one  and  the  same 
time. , 

II. — That  the  line  shall  be  worked  by  train-staff,  in  the  mode 
described  in  the  following  amended  regulations,  combined  with  the 
absolute  block-telegraph  system  : 
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Rules  foe  Working  the  Single  Line  between  A,  B,  C,  &c. 

1.  Either  a  train-staff  or  a  train-ticket  is  to  be  carried  with  each 
engine  or  train  to  and  fro,  and  for  this  purpose 

Color  of  Staflf  Form  of  Staff 

and  Ticket.  and  Ticket. 

[One,  two  or  more]  train-staffs  and  sets  of  train-tickets  will  be  em- 
ployed, viz.  : 

One  between  A  and  B Eed.                Square. 

One  between  B  and  C Blue.               Round. 

&c. ,             &c &c.                    &c. 

2.  No  engine  or  train  is  to  be  permitted  to  leave  or  pass  either  of  the 
staff-stations  A,  B,  or  C,  unless  the  staff  for  the  portion  of  line  over 
which  it  is  to  travel  is  then  at  the  station  ;  and  no  engineman  is  on  any 
account  to  leave  or  pass  a  staff-station  without  seeing  such  train-staff. 

3.  If  no  second  engine  or  train  is  intended  to  follow,  the  staff  is  to 
be  given  to  the  engineman  or  guard. 

4.  If  other  engines  or  trains  are  intended  to  follow  before  the  staff 
can  be  returned  a  train-ticket,  stating  "staff  following,"  is  to  be  given 
to  the  engineman  of  the  leading  engine,  or  the  engineman  or  guard  of 
the  leading  train,  and  so  on  with  any  other  except  the  last,  the  staff  itself 
being  sent  with  the  last.  After  the  staff  has  been  sent  away,  no  other 
engine  or  train  is  to  leave  the  staff-station  under  any  circumstances 
whatever  until  its  return. 

5.  The  train-tickets  are  to  be  kept  in  a  box  fastened  by  an  inside 
spring,  and  the  key  to  open  the  box  is  the  train-staff,  so  that  a  ticket 
cannot  be  obtained  without  the  train- staff.  The  train-staff  is  to  lock  the 
box  in  being  taken  out  of  it. 

6.  The  train-staffs,  the  train-tickets,  and  the  ticket-boxes  are  to  be 
painted  or  printed  in  different  colors,  red  for  the  line  between  A  and  B  ; 
blue  for  that  between  B  and  C,  &c. ;  the  inside  springs  and  the  keys  on 
the  staffs  being  so  arranged  that  the  red  staff  cannot  open  the  blue  box, 
nor  the  blue  staff  the  red  box,  and  so  forth.    This  is  to  prevent  mistakes. 

7.  The  ticket-boxes  are  to  be  fixed  by  brackets  in  the  booking-offices 
at  the  staff- stations,  the  brackets  being  turned  up  at  the  ends  to  receive 
the  train -staffs  when  they  are  at  the  stations. 

8.  The  clerk  in  charge,  the  inspector,  or  the  person  in  charge  for  the 
time  at  a  staff-station,  is  the  sole  person  authorized  to  receive,  exhibit, 
or  deliver  the  staff  or  ticket. 
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9.  The  usual  special  train  tail-signal,  "engine  following, "  is  to  be 
used  when  a  ticket  is  given,  for  the  guidance  of  the  platelayers  and  gate- 
keepers upon  the  line. 

10.  When  a  ballast  train  has  to  work  on  the  line,  the  staff  is  to  be 
given  to  the  engineman  or  guard  in  charge  of  it.  This  will  close  the  line 
whilst  the  ballast  train  is  at  work.  The  ballast  train  must  proceed  after- 
wards to  one  of  the  staff  stations  to  open  the  line  before  the  ordinary- 
traffic  can  be  resumed. 

11.  In  the  event  of  an  engine  or  train  breaking  down  between  two 
staff-stations,  the  fireman  is  to  take  the  train-staff  to  the  staff- station  in 
the  direction  whence  assistance  may  be  expected,  that  the  staff  may  be 
at  that  station  on  the  arrival  of  an  engine.  Should  the  engine  or  train 
that  fails  be  in  possession  of  a  train-ticket  instead  of  the  staff,  assistance 
can  only  come  from  the  station  at  which  the  train-staff  has  been  left. 
The  fireman  will  accompany  any  assisting  engine  to  the  place  where  he 
left  his  own  engine. 

N.  B.— The  train-staff  may  either  be  fixed  in  a  socket  on  the  engine 
or  tender,  or  carried  over  the  shoulder  by  means  of  a  cross-belt. 


D.  0 

PRECAUTIONS  RECOMMENDED  IN  THE  WORKING  OF 

RAILWAYS. 

1.  There  should  be  a  break-vehicle  with  a  guard  in  it  at  the  tail  of 
every  train  ;  this  vehicle  should  be  provided  with  a  raised  roof  and 
extended  sides,  glazed  to  the  front  and  back  ;  and  it  should  be  the  duty 
of  the  guard  to  keep  a  constant  look-out  from  it  along  his  train. 

2.  All  passenger  carriages  should  be  provided  with  continuous  foot- 
boards extending  throughout  the  whole  length  of  each  carriage  and  as 
far  as  the  outer  ends  of  the  buffer  castings.  As  passenger  carriages  no^ 
pass  from  one  company's  line  to  another's,  it  is  essential  for  the  public 
safety  that,  although  the  widths  of  the  carriages  on  the  different  lines 
differ  from  each  other,  the  widths  across  the  carriages  from  the  outside 
of  tha  continuous  foot-board  on  one  side  to  the  outside  of  the  continuous 
foot-board  on  the  opposite  side  should  be  identical  for  the  carriages  of 
all  railway  companies,  so  that  the  lines  of  rails  may  be  laid  at  the  proper 
distance  from  the  edges  of  the  passenger  platforms. 
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3.  There  should  be  means  of  intercommunication  between  a  guard  at 
the  tail  of  every  passenger  train  and  the  engine-driver,  and  between  the 
passengers  and  the  servants  of  the  company,  as  required  by  the  Legis- 
lature. 

4.  Continuous  breaks  under  the  control  of.the  engine-driver  and  each 
guard  should  be  employed  with  all  passenger  trains.  In  the  opinion  of 
the  Board  of  Trade,  which  has  been  fully  expressed  in  recent  corre- 
spondence, due  security  will  not  have  been  taken  for  the  public  safety 
until  some  system  or  systems  of  continuous  breaks  has  or  have  been 
universally  adopted,  instantaneous  in  action,  capable  of  being  applied 
by  engine-driver  or  guard,  and  automatic  in  case  of  accident. 

5.  The  tires  of  all  wheels  should  be  so  secured  to  the  rims  of  the 
wheels  as  to  prevent  them  from  flying  open  when  they  are  fractured. 

6.  The  engines  employed  with  passenger  trains  should  be  of  a  steady 
description,  with  not  less  than  six  wheels,  with  a  long  wheel-base,  with 
the  centre  of  gravity  in  front  of  the  driving  wheels,  and  with  the  mo 
tions  balanced.     They  should  not  be  run  tender  or  tank  first. 

7.  Records  should  be  carefully  kept  of  the  work  performed  by  the 
wearing  parts  of  the  rolling  stock,  to  afford  practical  information  in 
regard  to  them,  and  to  prevent  them  from  being  retained  in  use  longer 
th£«;i  is  desirable. 

8.  All  lines  should  be  worked  on  the  block  telegraph  system.  In 
case  of  junctions  the  block  system  should  be  employed  for  preventing 
trains  which  can  come  into  collision  through  overrunning  signals,  from 
approaching  a  junction  simultaneously.  The  signal  cabins  should  be 
commodious,  and  should  be  supplied  with  clocks,  with  record  books, 
with  a  separate  needle  for  signaling  the  trains  on  each  line  of  rails,  and 
with  an  extra  needle  for  other  necessary  communications  between  the 
signalmen.  The  telegraph  instruments  and  signal  handles  should  face 
the  directions  in  which  they  work. 

9.  When  drovers  or  other  persons  are  permitted  to  travel  with  goods 
or  cattle  trains,  suitable  vehicles  should  be  provided  for  their  accommo- 
dation near  the  front  of  such  trains. 

10.  Luggage  should  not  be  carried  on  the  roofs  of  railway  carriages. 

11.  The  names  of  the  stations  should  be  marked  on  the  lamps,  besides 
being  shown  on  other  conspicuous  places. 
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REBUILDING   OF   THE   MONONGAHELA   BRIDGE,  AT 
PITTSBURGH,  PA. 


Bv  G.    LiNDENTHAL,   M.   Am.    Soc.    C.   E. 
Read  at  the  Annual  Conyention,  St.  Paul,  Minn.,  June  20th,  1883. 


WITH  DISCUSSION. 


The  above  work  having  been  completed  under  my  direction,  I  have 
the  honor  of  presenting  the  following  account  of  the  same,  having  pre- 
pared it  in  the  belief  that  it  will  interest  members  engaged  in  bridge 
construction.  ^ 

Smithfield  Street  bridge,  across  the  Monongahela  Eiver,  connects 
Central  Pittsburgh  with  South  Pittsburgh.  The  need  of  a  bridge  at  this 
point  existed  early  in  the  history  of  the  city.  A  ferry  accommodated 
the  travel  over  the  river  for  a  long  time.  In  1810  a  charter  for  a  bridge 
was  obtained,  and  in  1816  the  first  structure,  a  covered  wooden  bridge 
of  eight  spans,  188  feet  each,  was  built.     It  consisted  of  wooden  trusses, 
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reinforced  with  wooden  arches — for  those  days  a  remarkable  engineering 
success. 

The  superstructure  burnt  down  in  1845,  and  was  replaced  with  a  wire 
suspension  bridge,  the  engineer  of  which  was  the  late  Mr.  John  A. 
Roebling,  M.  Am.  Soc.  C.  E.,  who  had  then  just  finished  a  suspension 
acqueduct  over  the  Allegheny  River  at  Pittsburgh.  The  Smithfield 
Street  bridge  was  Mr.  Roebling's  first  road  bridge. 

On  the  old  abutments  and  piers,  after  having  been  repaired,  were 
erected  cast-iron  towers,  which  supported  the  cradled  cables.  The 
anchorages  were  put  into  the  old  abutments.  Under  each  iron  tower 
had  been  built  up  stone  pedestals,  9  feet  square  and  3  feet  thick. 

The  towers  had  the  appearance  of  square  truncated  pyramids, 
7^  feet  square  at  the  base  and  4  feet  at  the  top,  and  16  feet  high.  The 
four-angle  pedestals  or  columns  of  each  tower  were  connected  with  cast- 
iron  lattice  frames,  which  filled  the  entire  space  on  the  road  and  river 
sides  ;  on  the  two  other  sides  openings  were  left  for  the  sidewalks,  which 
led  through  the  towers.  The  columns  were  surmounted  by  massive 
cast-iron  top-pieces,  in  which  the  pendulums  for  the  cables  were  hung 
with  a  slight  inclination  corresponding  to  the  cradling  of  the  cables. 
Each  pair  of  towers  was  connected  at  the  tops  with  a  horizontal  12  x  16 
wooden  brace,  which  prevented  the  towers  from  being  pulled  towards 
each  other  by  the  cradled  cables.  The  roadway  was  20  feet  wide,  having 
two  (2)  car  tracks. 

On  the  outside  of  the  cables  were  the  sidewalks,  5  feet  wide.  The 
hand-railing  was  formed  of  a  wooden  continuous  Howe  truss,  5  feet 
high,  bolted  to  the  ends  of  the  wooden  floor-beams.  These  were 
4x16,  white  pine,  in  pairs,  4  feet  apart.  The  planking  for  the  roadway 
consisted  of  a  lower  2-inch  longitudinal  pine  planking,  and  upper  2-inch 
white  oak  planking  as  wearing  surface.  There  was  no  horizontal  or  wind 
bracing,  save  the  one  derived  from  the  stifi'ness  of  the  plank  floor. 
Across  each  pier,  under  the  floor,  extended  three  wooden  beams, 
12  X 12  inches,  40  feet  long,  and  diagonally  braced  from  the  piers  below  ; 
they  were  acting  as  cantilevers,  giving  some  rigidity  to  the  suspended 
platform  near  the  towers.  The  cables,  4^  inches  diameter,  each  con- 
tained 750  wires  of  No.  10  Birmingham  gauge.  The  wires  were  laid 
parallel  to  axis  of  cable,  and  closely  wrapped  with  No.  14  annealed  wire. 

The  travel  over  the  bridge,  on  which  toll  is  collected,  was  of  the 
heaviest  kind,  and  is  steadily  increasing  in  bulk  and  weight.     The  sus- 
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pension  bridge  had  become  very  shaky  and  loose  ;  its  continuous  swaying 
and  creaking  had  created  anxiety  in  the  public  mind  ;  it  had  evidently 
outlived  its  usefulness.  A  new  bridge  was  decided  upon  in  the  summer 
of  1880. 

The  Bridge  Company  at  that  time  was  in  favor  of  another  suspension 
bridge,  but  with  larger  spans  on  a  higher  grade,  and  adopted  a  plan 
proposing  two  (2)  channel  spans  of  360  feet  each,  and  two  shore  spans  of 
180  feet  each.  A  contract  for  such  a  bridge  was  made,  and  the  building 
of  the  same  commenced  the  same  summer,  under  the  superintendence  of 
Mr.  Charles  Davis,  M.  Am.  Soc.  C.  E.  The  foundations  for  the  channel 
piers  were  put  in  first,  and  the  piers  themselves  built  up  to  an  average 
height  of  10  feet.  The  winter  season  stopped  any  further  work  in  that 
year  (1880). 

In  February,  1881,  the  Bridge  Company  was  reorganized,  and  the 
new  managers  desired  a  different  bridge.  It  should  not  be  subject  to 
undulations,  and  should  be  capable  of  enduring  the  continually  increas- 
ing traffic  without  limit  xtion  of  load  or  speed. 

At  this  time  the  writer  was  invited  for  consultation  and  to  suggest 
suitable  changes  in  the  plans,  which  should  provide  for  a  widening  of  the 
bridge  by  adding  another  roadway  or  track,  should  this  ever  become 
necessary  in  the  future.  After  having  submitted  such  plans,  they  were 
accepted  and  the  writer  was  engaged  to  carry  them  out.  This  plan  pro- 
posed to  utilize  the  foundations  and  piers  which  had  been  commenced. 
They  were  to  be  built  upon,  without  any  offsets,  to  a  width  on  top  of 
56  feet. 

As  the  width  of  the  superstructure  may  ultimately  reach  64  feet,  or 
eight  feet  wider  than  the  piers,  it  became  necessary  to  let  the  sidewalks 
project  over  the  masonry.  The  present  width  is  48  feet  on  the  channel 
spans  ;  the  room  on  the  piers  for  widening  the  bridge  was  left  on  the 
up-stream  side.  For  the  channel  spans  Pauli  trusses  were  proposed,  25 
feet  8  inches  apart,  centre  to  centre,  and  the  centre  line  of  the  new  floor 
(of  48  feet  width)  was  shifted  down  stream  8  feet  2  inches  from  the  centre 
line  of  the  old  bridge.  The  sidewalk  on  the  up-stream  side  was  proposed 
to  be  detachable,  so  that  the  floor  may  be  widened  and  the  sidewalks 
again  connected  to  it. 

For  the  approaches  to  the  channel  spans,  plate  girder  deck  spans,  on 
lighter  masonry  piers,  were  proposed.  This  arrangement  allows  of 
increasing  the  width  ot  the  bridge  by  simply  adding  more  plate  girders 
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to  each  span  &u  the  piers  which  are  long  enough  for  that  purpose. 
Being  a  deck  bridge,  it  afforded  an  unobscured  entrance  view  to  the 
channel  spans,  the  trusses  of  which  were  to  rest  on  ornamental  towers, 
giving  to  the  superstructure  an  architectural  appearance  of  strength  and 
stability. 

The  shifting  of  centre  line  of  new  floor  8  feet  2  inches  down  stream 
from  the  centre  line  of  old  bridge  allowed  of  erection  of  the  new  super- 
structure without  stopping  travel  on  the  old  bridge,  in  a  manner  described 
more  in  detail  below. 

The  Pauli  truss  type  commended  itself  for  the  channel  spans  in  this 
instance,  for  several  reasons  : 

1.  The  pleasing  appearance  (for  a  city  bridge)  in  comparison  with 
the  ordinary  parallel  chord  truss. 

2.  The  fact  that  the  trusses  could  be  made  high  in  the  middle  (with- 
out detriment  to  their  stability  in  case  of  high  winds),  thereby  reducing 
the  chord  strains  and  chord  sections.  In  connection  with  the  light  and 
slender  web-members,  it  permitted  of  an  economy  in  the  trusses  of  over 
9  per  cent.,  as  compared  with  parallel  chord  trusses  (with  inclined  end 
posts)  of  same  height  (50  feet).  The  deflection  and  vibration  of  high 
trusses  is  small  and  their  rigidity  great. 

3.  The  bottom  chord  or  cable  is  exposed  to  the  sun's  rays  as  much 
as  any  other  truss-member;  therefore  unequal  temperature  effects  in  the 
trusses  are  avoided.  The  covered  floor  construction  is  independent  of 
the  trusses  as  to  temperature  effects. 

4.  The  floor  had  to  be  cambered  18  inches  in  each  360-foot  span  to 
agree  with  the  general  grade  of  the  new  bridge.  A  straight  bottom  chord 
with  a  rise  of  18  inches  in  360  feet  was  undesirable. 

At  first  it  was  proposed  to  build  the  new  structure  15  feet  higher  at 
highest  point  than  the  old  bridge.  But  the  river  men,  in  the  interests  of 
navigation,  demanded  the  structure  to  be  at  least  20  feet  higher,  or  57 
feet  above  low  water  mark,  to  which  the  Bridge  Company  objected,  on 
the  ground  that  the  additional  5  feet  height  would  injure  travel  over  the 
bridge  much  more,  by  reason  of  a  steep  grade  at  the  Pittsburgh  end, 
than  it  would  benefit  navigation. 

There  is  no  statute  prescribing  the  height  of  bridges  over  the  Monon- 
gahela  River.  The  case  was  taken  to  a  court  of  equity,  and  argued  there 
by  lawyers  pro  and  contra,  resulting  in  a  preliminary  injunction  against 
the  Bridge  Company  building  the  bridge  lower  than  20  feet.    To  continue 
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the  litigation  would  have  required  much  time.  After  a  suspension  of 
work  at  the  bridge  for  10  months  the  Bridge  Company  decided  to  accede 
to  the  demands  of  the  river  men. 

The  following  is  a  description  of  the  material  and  methods  used  in 
the  construction  of  the  bridge : 

Masonry 

consists  of  a  gray,  hard  and  durable  sandstone,  free  from  admix- 
tures of  clay  or  iron  oxide  particles.  It  was  quarried  near  Homewood, 
Pa.,  on  the  Pittsburgh  and  Lake  Erie  Railroad,  where  it  is  found  in 
large  blocks  of  103  to  500  cubic  yards,  without  any  stripping.  The 
masonry  is  rock-faced,  with  drafts  1  inch  wide  all  around  the  face  of  the 
stones,  which  are  in  courses  of  alternate  headers  and  stretchers. 

The  dimensions  of  the  stones  are  24  inches  to  16  inches  in  thickness, 
7  feet  to  4  feet  in  length,  3  feet  to  If  feet  in  width,  with  beds 
and  joints  dressed  regular  and  true.  The  backing  for  the  abutments 
and  wing  walls  consisted  of  regular  shaped  stones,  with  dressed  beds; 
for  the  heart  of  the  piers  concrete  filling  was  used.  It  was  applied  in 
layers  of  12  inches  thick.  It  proved  superior  in  every  way  to  ordinary 
stone  backing.  Iron  clamps  bind  the  stones  in  the  pier  heads  in  every 
course. 

The  use  of  spills  was  not  permitted  in  any  part  of  the  masonry.  All 
spices  between  stones  were  filled  with  concrete,  rammed  with  iron 
rammers,  making  every  course  absolutely  water-tight.  Great  attention 
was  given  to  the  bond.  The  stone  blocks  were  laid  in  alternate  header 
and  stretcher  courses,  which  made  the  coincidence  of  stone  joints  in  the 
heart  of  the  pier  impossible.  In  this  way  each  stone  is  bonded  in  every 
direction.  The  concrete  backing,  after  setting,  was  very  hard  and  tough; 
it  adhered  to  the  stones  with  great  tenacity,  and  made  the  piers  mono- 
lithic in  fact. 

In  the  execution  of  the  work  care  was  taken  to  wet  every  stone 
immediately  before  setting.  When  laid  in  position  the  stone  was  settled 
by  repeated  blows  of  a  heavy  wooden  ram.  Any  stone  breaking  under 
this  operation  was  removed. 

The  face  joints  of  the  finished  masonry  were  cleaned  out  to  a  depth 
of  1  inch,  and  thoroughly  moistened,  and  caulked  with  Portland  cement 
and  sand  mortar,  mixed  one  to  one. 


358 

For  all  face  masonry  exposed  to  the  weather  Americau  Portland  cem- 
ent was  used  for  the  mortar;  for  concrete  backing  and  foundations^ 
Rosendale  cement  was  ordinarily  used. 

All  cements  were  required  to  be  so  finely  ground  that  90  per  cent,  of 
the  whole  would  pass  through  a  sieve  of  50  meshes  to  the  lineal  inch. 
Tests  as  to  its  tensile  strength  were  conducted  on  a  Fairbanks  testing 
machine  with  moulded  briquettes  of  pure  cement. 

Rosendale  cement  made  of  a  stifif  paste,  having  been  one  day  in  water 
and  one  day  in  the  air,  at  an  even  average  temperature  of  70  degrees 
Fahrenheit  (in  a  room),  were  tested  to  show  a  tensile  strength  of  at  least 
40  pounds  per  square  inch. 

Ameiican  Portland  cement  briquettes,  under  same  conditions,  were 
tested  to  show  a  tensile  strength  of  at  least  80  pounds  per  square  inch. 

Similar  briquettes,  after  having  been  four  days  in  water  and  one  day 
in  the  air,  at  the  above  average  temperature,  were  tested  for  a  tensile 
strength  of  60  pounds  per  square  inch  for  Rosendale  cements,  and  150 
pounds  for  American  Portland  cement. 

The  concrete  used  throughout  the  work  was  composed  of  2  parts  of 
sound  broken  stone,  passing  through  a  3-inch  ring;  2  parts  of  clean 
gravel  from  the  size  of  a  pea  to  2  inches  diameter;  2  parts  of  washed 
river  sand;  1  part  of  Rosendale  cement  of  accepted  quality. 

For  concrete  under  water  2  parts  of  cement  were  used  to  allow  for 
waste  by  washing  in  depositing  it  under  water.  With  a  little  care  in 
the  operation  the  loss,  however,  was  insignificant.  The  stone,  gravel 
and  sand  were  first  mixed  on  a  board  platform,  then  the  cement  added, 
and  the  whole  mass  thoroughly  rehandled  in  a  dry  state.  Water  was 
then  added  in  barely  sufficient  quantity  to  reduce  the  whole  mass,  by 
lively  and  severe  shoveling,  to  a  stifif  mortar.  This  was  put  immediately 
in  place  in  layers  of  not  over  12  inches  thick,  and  thoroughly  rammed 
with  iron  rammers  about  5  inches  square  and  weighing  36  pounds,  until 
the  mass  flushed  uniformly  over  the  whole  surface. 

For  depositing  the  concrete  under  water  for  the  pier  foundations 
square  wooden  troughs  were  used,  reaching  down  to  almost  the  bottom, 
and  the  concrete  dumped  in  and  raked  even  with  iron  rakes  having  long 
handles.  The  running  out  of  the  concrete  was  prevented  by  sheet  pil- 
ing. When  a  change  in  the  masonry  of  Pier  No.  -4  required  the  re- 
moval of  a  few  stones  they  were  found  to  form  with  the  concrete  backing 
one  solid  mass,  which  had  to  be  rent  asunder  with  steel  wedges  and 
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sledge-hammer,  and  would  sometimes  break  through  the  stone  rather 
than  through  the  concrete. 

Openings  or  slots  for  one  car  track  were  left  in  the  new  abutments 
and  piers  to  accommodate  travel  on  the  old  bridge. 

The  pier  posts  of  the  channel  spans  on  the  down-stream  side  have 
their  bearing  near  to  the  pier  ends,  and  to  prevent  cracking  of  the  chan- 
nel piers  or  uneven  settlement  after  the  superstructure  should  be  in 
place,  riveted  iron  anchors  were  walled  into  the  top  of  piers  Nos.  2,  3 
and  4. 

The  coping  on  the  piers,  consisting  of  two  projecting  courses  of  cut 
stone,  was  nearly  all  in  place  for  a  grade  15  feet  higher  than  the  old 
bridge,  at  the  time  of  the  dispute  with  the  river  men.  When  the  height 
of  the  piers  was  increased  to  suit  a  grade  20  feet  higher  than  the  old 
bridge,  the  additional  masonry  was  built  on  top  of  the  coping  in  the  form 
of  pedestals  of  cut  stone. 

After  the  erection  of  the  superstructure  had  so  far  progressed  that 
travel  could  be  turned  on  to  one  track  on  the  new  bridge,  the  old  bridge 
was  abandoned,  and  the  gaps  and  openings  in  the  masonry  of  the  new 
abutments  and  piers  successively  walled  in  and  closed.  In  this  wise 
it  was  possible  to  complete  the  masonry  work  without  stopping  travel  on 
the  old  or  new  bridge. 

SUPEKSTRUCTURE. 

The  roadway  is  at  present  22  feet  10  inches  wide  in  the  clear,  and  two 
sidewalks  each  10  feet  in  the  clear.  The  full  width  of  the  bridge  on  the 
deck  spans  of  approaches  is  43  feet  6  inches,  and  on  the  channel  si3ans, 
which  are  through  spans,  48  feet. 

The  bridge  can  be  widened  out,  if  ever  required,  to  64  feet.  This 
made  it  necessary  to  erect  the  present  superstructure  nearer  to  the  down- 
stream end  of  the  piers.  It  detracts  much  from  the  appearance  of  the 
bridge,  which  is  unsymmetrical  at  present. 

It  was  important  not  to  stop  travel  during  the  rebuilding  of  the 
bridge.  Passengers  and  freights  from  and  to  the  Pittsburgh  and  Lake 
Erie  Railroad  must  pass  over  it.  Besides,  there  is  a  heavy  traffic  in 
coke,  iron  and  other  mill  material,  which  would  have  been  compelled 
to  take  a  long,  roundabout  way.  The  construction  of  the  superstructure 
had  to  be  arranged  to  allow  of  the  erection  first  of  one  track  and  then 
of  the  other. 
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If  the  new  bridge  had  really  been  built  15  feet  instead  of  20  feet 
higher  than  the  old  one  there  would  not  have  been  left  height  enough 
near  the  ends  of  the  channel  spans  for  teams  to  pass  under  on  the  old 
bridge.  It  was  therefore  intended  to  erect  the  channel  spans  about  5 
feet  higher  than  their  proper  grade,  and  to  complete  the  floor  and  tracks 
of  the  same. 

The  pier  posts  would  have  temporarily  rested  on  sand  jacks,  by 
means  of  which  both  spans,  weighing  about  1  600  tons  when  completed, 
could  have  been  simultaneously  lowered  in  a  few  hours  to  their  proper 
grade.  One  track  and  sidewalk  on  the  plate  girder  approaches  on  the 
down-stream  side  would  have  been  meanwhile  prepared  for  use.  In  this 
way  travel  would  have  been  interrupted  only  for  one  day.  But  this 
operation  became  unnecessary  when  the  new  grade  was  raised  20  feet 
above  the  old  bridge. 

Channel  Spans. 

It  was  found  that  the  use  of  steel,  in  the  trusses  at  least,  would  prove 
economical  as  compared  with  wrought  iron.  The  saving  based  on  the 
prices  at  that  time  was  over  $21  600. 

The  Pauli  trusses  were  designed  with  an  uneven  number  of  panels, 
namely,  13,  in  order  to  get  two  tangential  points  of  attachment  for 
each  truss  to  the  floor-construction,  thereby  securing  greater  longi- 
tudinal and  transverse  rigidity  of  the  entire  bridge  frame.  Roller 
bearings  for  pier  posts  were  avoided  ;  the  middle  posts,  supporting  two 
truss  ends  each,  have  a  fixed  and  square  bearing  on  heavy  pedestal  cast- 
ings on  the  pier.  Each  end  post  has  a  bearing  on  a  0-inch  steel  pin  in  a 
cast-iron  pedestal  on  which  it  can  rock.  It  is  probable  that  very  little 
movement  takes  place  on  account  of  friction  on  the  pin,  and  that  the 
posts  would  bend  or  spring.  The  resulting  bending-moments  on  the  end 
posts  have  been  considered  in  proportioning  them. 

The  projected  length,  27  feet  7f  inches,  of  all  panels  being  alike,  it 
follows  that  the  lengths  of  chords  in  a  curved  line  are  unlike,  and  if  the 
curve  were  a  circle  or  a  parabola,  then  the  angles  formed  by  the  straight 
chord  sections  would  also  all  be  unlike. 

For  practical  reasons  it  is  desirable  to  have  these  angles  all  alike,  so 
as  to  have  only  one  template  for  the  beveled  joints.  This  condition 
would  prescribe  the  character  of  the  curve,  in  this  instance  a  sine-curve. 
The  difiference  in  curvature   between  a  sine-curve  and  arc  of   a   circle 
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Tvas  found  to  be  small  (2|  inches).  The  difference  in  the  bevel  joints  was 
inappreciable  (,r4  inch).  Therefore  a  true  arc  line  was  then  assumed  for 
the  chords  to  facilitate  other  calculations. 

The  vertical  web- members  are  in  tension  from  the  dead  load  or  from 
a  uniformly  distributed  live  load.  They  will  sustain  compression  strains 
only  from  an  uneven  distributed  load.  Near  the  centre  of  truss  they 
are  long  and  slender,  requiring  intermediate  bracing,  which  was  placed 
at  half  the  truss  height  for  the  entire  length  of  trusses. 

The  suspenders  from  trusses  to  floor,  which  were  all  stiffened  to  pre- 
vent vibration,  were  not  made  adjustable;  their  exact  lengths  were  cal- 
culated to  give  the  required  camber  of  18  inches  to  the  floor  construction. 
The  truss  camber  was  obtained  by  shortening  the  lower  and  length- 
ening the  upper  chord  members  ^q  inch,  so  that  after  erection  it 
amounted  to  2  inches. 

All  diagonal  bars  were  made  adjustable  and  single;  they  are  strained 
from  partial  loads  only.  The  trusses  were  adjusted  to  their  proper 
shape  by  means  of  these  ties,  which  received  a  slight  initial  strain. 

The  top  and  bottom  chords,  pier-posts,  diagonal-ties  and  pins  are  of 
steel;  all  other  parts  are  of  wrought-iron  with  steel  rivets.  The  calculated 
sections  of  the  vertical  web- members  for  steel  were  so  light  that  for 
practical  reasons  they  were  all  made  of  wrought-iron  and  of  the  same 
section. 

Quality  of  Steel  Used. 

Every  heat  of  steel  was  tested  and  it?  quality  determined  before  any 
more  work  was  done  to  it. 

Fot'  the  compression  members  and  pins,  the  steel  was  required  to  stand 
the  following  tests  on  specimen  bars  |  inch  diameter  : 

Elastic  limit :  50  to  55  000  pounds  per  square  inch. 

Ultimate  strength  :  80  to  90  000  pounds  per  square  inch. 

Elongation  in  8  inches  :  Minimum  12  per  cent. 

Reduction  of  area  at  fracture  :  Minimum  20  per  cent. 

Cold  bending  :  180  degrees  around  its  own  diameter  without 
crack. 

Cold  punching  of  holes  in  flat  3  X  ^-inch  bars:  yV  inch  from  the  edge 
without  crack  or  distention  of  metal. 

All  specimens  and  shapes  were  required  to  be  finished  at  nearly  the 
same  heat,  as  it  was  observed  that  rods  finished  at  a  lower  heat  would 
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give  higer  tension  results  than  samples  of  same  steel  finished  at  a  higher 
heat. 

The  Andrew  Kloman  firm  in  Pittsburgh  had  contracted  to  procure 
the  steel  and  to  furnish  the  steel  shapes. 

The  intention  was  to  use  Bessemer  steel  for  the  compression  mem- 
bers ;  a  large  lot  of  Bessemer  steel  was  tested,  but  few  samples  were 
found  to  stand  the  required  tests.  The  diflQculty  seemed  to  consist  in 
controlling  the  uniformity  of  the  steel  within  close  limits  for  quality 
and  strength.  After  a  while  the  attempt  was  given  up  and  open  hearth 
steel  was  substituted.  No  trouble  was  then  experienced  in  getting  a 
uniform  grade  of  steel  of  prescribed  quality. 

The  top  chord  sections  consist  of  four  leaves,  which  were  originally 
designed  to  be  each  a  20-inch  steel  plate  with  4x4"  angles  for  flanges. 
In  ordering  the  steel  it  was  discovered  that  enough  plates  of  that  width 
could  not  be  procured  in  the  required  time.  Therefore,  the  chord  sec- 
tions were  changed  to  10  inches  and  12  inches  steel  plates,  with  4x4 inch 
angles,  composed  as  shown  in  the  drawings. 

Notwithstanding  the  great  care  used,  the  finished  plates  and  angles 
were  by  no  means  a  uniform  product.  According  as  they  in  rolling  were 
finished  at  a  higher  or  lower  heat,  they  would  have  different  degrees  of 
hardness.  Steel  plates  and  angles  finished  at  a  lower  heat  had  a  smooth 
surface,  and  the  noise  of  punching  them  resembled  pistol-shots,  while 
plates  finished  at  a  higher  heat  had  a  rougher  surface,  and  there  was 
hardly  more  resistance  to  punching  than  in  wrought-iron. 

The  specifications  for  riveted  steel  work  provided  that  the  punched 
rivet-holes,  f  inch  diameter,  should  in  the  assembled  parts  be  enlarged 
to  1  inch  diameter  by  reaming.  The  time  for  the  delivery  of  the  steel 
work  growing  short,  the  question  was  considered  whether  the  reaming  of 
the  holes  could  be  avoided,  to  hasten  the  completion  of  the  work  at  the 
shops.  Messrs.  Kellogg  &  Maurice,  in  Athens,  Pa.,  had  the  contract  for 
this  part  of  the  work. 

To  that  end  the  following  experiments  were  made  : 

Ten  specimens  were  cut  from  the  same  steel  plate  J  inch  thick  ;  one 
specimen  was  tested  to  ascertain  the  tensile  strength  of  the  steel  in  the 
specimen.  The  nine  other  specimens,  all  alike  in  form,  were  prepared 
as  shown  in  sketch,  for  the  purpose  of  ascertaining  the  effect  of  punch- 
ing  holes,  of  punching  and  reaming,  and  of  drilling.  The  tests  were 
expected  to  show  the  amount  of  reaming  required,   and  whether  any 
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annealing  effects  from  the  hot   rivet  on  the  injured  steel  around  the 
punched  hole  could  be  observed. 

V-6" 


^i'  O  "*'  ^  '*"  O  '^"  O  '*"  0    ^^' 


Fig.   1. 


9  specimen  bars  4"xi"  like  this. 

Holes  1"  diameter,  net  section  of  bar  0,75  equare  inches. 


1.  Plain  specimen  3'  x  i '    ■  ■ 

2  holes  ^  punched  1''  dia. 

2.  3   holes   Q   punched   \' ' , 

reamed  to  1 '  ' 


3.   Prepared  as  No.  2. 


4.  Prepared  as  Nos.  2  and  3 . 


2  holes  punched  ©1'  dia. 

5.   3  holes  O    punched  \l  '  ' 

reamed  to  1 '  ' 


6.  Prepared  as  No.  5 . 


7.  Prepared  as  Nos.  5  and  0. 


8.  All  holes  drilled  1'  dianr. 

2    holes  ^  punched  \' ' , 
reamed  to  1 '  ' , 

9.  3   holes    O    punched    \l' ' 

reamed  to  1 ' ' 


Without  holes Broke  with. 


\  No  rivets  in  holes.  Broke  in   punched  hole 
)  with 

No  rivets  in  holes. . .  Broke  in  punched  hole 
with 

Rivets  in  all  holes. . .  Broke  through  punched 
hole  with 


;  No  rivets Broke  in  punched  hole 

)  wiih 

No  rivets Broke  in  punched  hole 

I  with 

Rivets  in  all  holes. . .  Broke  iu  punched  hole 
I  [     with 

No  rivets Broke  in  hole  with 

1  I 

!•  No  rivets 'Broke  iu  Q  ^"le  with. . 

J 


Strain  per 
Square  Inch. 


10.  Prepared  as  No.  9 Rivets  in  all  holes.. .  Broke  in gsj  hole  with. .. 


Pounds. 

89  730 

72  000 

63  870 
84  00O 

72  00O 

55  200 

83  320 
79  330 

64  400 
83  320 


The  conclusion  from  these  tests  was  that  the  injured  steel  (of  the 
quality  used  in  this  instance)  around  the  punched  hole  was  in  part  re- 
stored by  annealing  in  contact  with  the  hot  rivets,  the  size  of  which 
was  large  in  proportion  with  thickness  of  steel  plates  and  angles  as  used 
in  the  chords. 

The  reaming  of  the  punched  holes  to  a  greater  extent  than  to  make 
the  rivet  holes  smooth  and  straight  was  therefore  dispensed  with,  and  a 
reduction  in  the  price  for  the  finished  work  agreed  upon. 
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The  steel  pins  are  6,  5^,  4  and  3|  inches  diameter. 

The  same  quality  of  steel  as  for  the  compression  members  was  used 
for  them  ;  they  were  forged  from  solid  steel  billets,  and  turned  to  size. 
No  appreciable  difference  in  the  hardness  of  the  metal  in  the  pins  was 
observed. 

For  tension  members  and  rivets,  the  steel  was  required  to  stand  the 
following  tests  on  specimen  bars  f  inch  diameter  : 

Elastic  limit:  45  to  50  000  pounds  per  square  inch. 

Ultimate  strength:  70  to  80  000  pounds  per  square  inch. 

Elongation  in  8  inches:  Minimum  18  per  cent. 

Reduction  of  area  at  fracture:  Minimum  30  per  cent. 

Cold  bending  :  to  a  loop  300°  around  its  own  diameter,  without 
crack. 

Cold  punching  in  3  X  ^-inch  bars  of  1-inch  rivet  holes  :  ^  inch  from 
the  edge  without  crack  or  <listension  of  metal. 

Open  hearth  steel  of  the  abov3  and  uniform  quality  was  obtained 
without  trouble. 

The  eye-bars  were  made  by  the  Kloman  process,  i.  e.,  the  bars  were 
rolled  from  billets  between  reversible  and  adjustable  rolls,  in  such  man- 
ner as  to  leave  the  ends  thicker  than  the  bar.  The  ends  were  then  spread 
and  forged  to  the  proper  shape  of  the  eye,  under  a  steam  hammer. 
The  lieaviest  steel  bars  for  this  bridge  were  28  feet  6^  inches  long, 
centre  to  centre  of  eyes,  and  1\\  inches  thick.  All  steel  billets  and  all 
steel  bars  required  very  close  inspection  for  flaws,  the  detection  of 
which  was  sometimes  difficult. 

It  has  been  stated  that  for  the  detection  of  flaws  in  steel  or  iron,  a 
magnetic  needle  had  been  used  with  success,  though  the  manner  of  its 
use  the  writer  has  not  heard  stated.  A  device  for  the  certain  discovery 
of  flaws  in  steel  bars  is  certainly  needed.  Where  the  solid  metal  sections 
are  proportioned  very  economically  to  the  work  they  have  to  do,  flaws 
are  a  source  of  great  danger,  especially  in  attenuated  steel  structures  ; 
flaws  in  wrought-iron  are  more  likely  to  happen  in  the  direction  of  the 
fibre,  but  in  steel  they  can  as  well  happen  crosswise  to  the  direction  of 
the  tension  strain  as  any  other  way. 

Three  steel  bars  9  feet  long  between  centres  of  eyes,  and  4  inches  X  1-h 
inches  in  section  were  tested  to  ascertain  the  effect,  if  any,  of  annealing 
the  finished  bars. 


I     1 
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The  results  were  as  follows  : 


Bar  A. 

Annealed. 

Eye.         Eye. 


BarB. 

Not  Annealed. 


Eye.        Eye. 


Diameter  of  eye 9'  9'  94"     i     9i'' 

!  '  I 

Least  cross-section  of  eye  5.72Q' '  S.S'iQ'  '  5.83G'  '  ,5.12[2' 


Excess  of  metal  in  ej-e  over  bar 

Reduction  of  area  in  eye  at  pin-hole.. . 

Elongation  of  pin-bole 

Average  section  of  bar 

Average  reduced  area  after  test 

Reduction  in  percents 

Reduction  at  fracture 

Elongation  of  whole  bar 

Elongation  for  12  inches  near  fracture. 

Elastic  limit  per  square  inch 

Ultimate  strength 


29.4°o'-      31.7,V  ,38.1^      35.5^ 
7.9."i-        3.6°ir  3.V        3.2^V 

0.4"        0.72"      0.45"      0.44" 
4.42n"  4.22n" 

3.96n"  3.97n" 

10,V  5.1%- 

43.87,V  37.5.V 

10.5  ,V  j  10.3.Y 

24.6  .V  !  23.2.V 

j 

43  140  pounds!      45  360  pounds       40  940  pounds 
74  310        "       i      78  180        "  73  760 


BabC. 

Not  .\nnoaled. 


Eye.        Eye. 


10"  9" 

6.83a"  5.77n" 
57. 7  "i-      33.2^ 

0.38"    !  0.4" 

4.33n" 
3.89G" 

10,V 
37. 55^$- 
11.1.V 
22. V< 


.  ^^ 


All  pin-holes  were  3} I  inches  diameter. 

Pin-hole  in  one  eye  of  bar  C  was  bored  i  inch  out  of  centre  line  of 
bar,  and  accounts  for  its  lower  ultimate  and  elastic  limit. 

A  specimen  from  the  same  heat  of  steel,  of  which  the  above  bars- 
were  made,  showed  on  a  J  inch  round — 

Elastic  limit 46  389  pounds  per  square  inch. 

Ultimate  limit 78  898 

Elongation  in  8  inches ....         18.0  per  cent. 

Keduction 30.2 

•  The  net  section  of  the  heads  through  the  pin-holes  for  all  eye-bar& 
being  at  least  50  per  cent,  more  than  the  bars,  and  the  good  effects  from 
annealing  being  doubtful  in  the  aboVe  tests,  it  was  not  thought  necessary 
to  anneal  the  steel  bars. 

For  steel  rivets  the  above  quality  of  tension  steel  proved  very  suita- 
ble.    The  rivets  were  tough  and  tenacious. 

It  was,  however,  observed  that  the  manufactured  rivet-heads  would 
easily  break  off  with  few  blows,  the  fracture  in  each  instance  showing  a 
fine  granulated  appearance. 
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Rivet  heads,  however,  made  by  hand  or  riveting  machine  were  very 
tough,  and  could  not  be  broken  off ;  they  had  to  be  cut  off. 

The  cause  for  the  brittle  rivet-heads  was  supposed  to  be  the  upsetting 
by  blows,  in  forming  the  head  at  a  high  heat  in  dies,  producing  sharp 
corners  under  the  rivet-head  and  around  the  rivet-stem. 

Plate  Girder  Spans. 

There  are  six  plate  girders  in  each  span  beneath  the  flooring,  namely, 
one  girder  under  each  rail  and  one  girder  under  each  sidewalk,  which  is 
detachable  on  the  up-stream  side. 

This  arrangement  was  chosen  to  admit  of  the  erection  first  of  the  new 
down-stream  street  track,  which  came  to  lie  sideways  of,  but  on  a  higher 
grade  than,  the  down-stream  track  of  the  old  bridge.  To  this  track 
travel  was  confined  during  erection.  Plate  girders  were  chosen  for  the 
reason  that  for  the  limited  depth  of  floor  (for  a  grade  15  feet  higher  than 
old  bridge,  as  at  first  contemplated),  it  gave  a  more  rigid  construction 
than  open  girders  of  low  depth.  It  was  also  more  convenient  to  work 
into  them,  and  get  rid  of  a  lot  of  wrought-iron  which  was  on  hand,  and 
was  left  over  from  orders  for  the  suspension  bridge  originally  intended 
to  be  built. 

Could  the  writer  have  foreseen  that  the  new  grade  would  be  20- feet 
higher  than  the  old  bridge,  the  deck  spans  of  the  approaches  would 
have  been  made  of  two  open  girders  of  greater  depth,  in  a  manner  that 
would  have  admitted  of  finishing  both  tracks  on  them  at  the  same  time. 
This  would  have  been  also  more  economical.  As  it  was,  the  plate-girders 
were  nearly  finished  when  the  change  in  grade  was  made. 

For  all  wrought-iron  work  in  the  bridge  the  quality  of  iron  was 
required  to  be  equal  to  that  of  standard  bridge  iron. 

Steel  rivets  were  used  for  all  wrought-iron  bridge-members  and 
girders. 

Removal  of  Old  and  Erection  of  New  Bridge. 

The  new  north  abutment  wall  was  located  40  feet  back  of  the  old  one. 
In  preparing  the  foundation  for  the  same  it  was  necessary  to  remove 
the  anchorage  of  the  old  cables,  and  to  construct  temporairly  two  auchor 
chains  attached  to  the  second  pair  of  old  towers.  Previous  to  this 
■wrought-iron   anchors  had  been  imbedded  into  the  foundation  of  new 
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pier  No.  1,  which  had  been  built  up  to  obtain  the  requisite  weight  for  the 
temporary  anchorage. 

These  anchor  chains  were  composed  of  steel  eye-bars,  which  were  on 
hand  from  the  intended  suspension  bridge.  Each  chain  was  made 
adjustable  in  length  by  means  of  a  transverse  screw  rod,  and  four  sets  of 
eye-bars,  forming  a  funicular  machine.  The  chain  could  thereby  be 
shortened  with  comparatively  little  power.  To  the  cable  the  chain  bars 
were  attached  by  means  of  two  wrought-iron  plates.  Between  these 
plates  were  cast-iron  friction  clutches  holding  the  cable,  and  pressed  and 
held  together  with  bolts  passing  through  the  plates.  These  were  at- 
tached to  the  cable  as  near  to  the  towers  as  possible.  To  prevent  slip- 
ping of  the  clutches  on  the  cable,  the  wire  wrapping  was  removed,  and 
spikes  driven  through  the  cable  wires  behind  the  clutches. 

The  transfer  of  the  anchorage  was  done  without  mishap  while  travel 
as  usual  was  going  over  the  old  bridge  on  both  tracks.  The  pull  per 
anchor  chain  was  at  times  160  tons. 

Under  the  first  north  span  of  the  old  bridge,  false  works  had  been 
built,  which,  after  the  transfer  of  the  anchorage,  supported  the  old 
roadway,  and  at  the  same  time  served  for  the  erection  of  the  iron 
girders  for  the  new  bridge.  No  other  part  of  the  old  bridge  was  removed 
till  after  the  erection  of  the  new  channel  spans. 

In  the  false  works  for  the  latter  an  opening  100  feet  wide  near  the  Pitts- 
burgh end  was  left  for  navigation,  and  temporarily  bridged  over  with 
wooden  Howe  trusses.  The  false  works  were  further  so  arranged  as  to 
clear  one  track  on  the  old  bridge,  on  which  the  team-travel  moved  in 
squads  in  alternate  directions. 

To  prevent  accidents  from  anything  falling  from  above  on  pedestrians 
or  teams  below,  the  false  works  were  covered  with  a  platform  of  planks, 
which  were  afterwards  used  for  the  new  floor.  The  upper  staging 
was  built  up  on  the  outside  of,  and  to  half  the  height  of,  the  trusses  to 
be  erected;  at  that  height  a  traveling  derrick,  30  feet  high,  moved  on  a 
track  of  iron  rails.  All  material  for  the  channel  spans  was  lifted  (by  a 
hoisting  engine  near  the  south  Pittsburgh  end)  to  the  platform,  on  which 
a  temporary  track  was  laid,  and  all  material  transferred  on  push-cars. 

With  another  hoisting  engine,  conveniently  located  on  the  up-stream 
end  of  pier  No.  3,  the  material  for  both  spans  could  be  handled  and  put 
in  place  without  moving  the  engines. 

The  Pittsburgh  span  was  erected  first.     After  the  pier  posts  were  put 
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into  position,  the  bottom  chords  and  connecting  web-members  were  put 
in  place.  The  top  chord  sections,  weighing  from  7  to  9  tons,  were  picked 
up  and  placed  on  the  verticals,  one  after  the  other,  from  each  end  in 
each  truss.  For  closing  the  top  chord,  the  two  middle  chord-sections 
were  raised  at  one  end  till  they  met,  and  then  sprung  into  line  by  pull- 
ing down  these  ends  towards  the  bottom  chord  with  block  and  tackle 
acting  as  a  funicular  machine. 

The  false  works  of  the  Pittsburgh  spans  had  settled  more  than  was 
anticipated.  Before  it  was  possible  to  close  the  top  chords  the  different 
panel  points  had  to  be  jacked  up  2  to  6  inches.  No  such  trouble  was 
experienced  with  the  other  span. 

During  the  erection  of  the  channel  spans  no  little  anxiety  existed  at 
the  possibility  of  an  accident  from  some  heavy  weight  dropping  to  the 
platform  and  breaking  through  to  the  constantly  crowded  old  bridge 
below.  Fortunately,  the  work  was  completed  without  such  accident, 
but  there  were  two  casualties,  which  both  resulted  luckily.  One  man 
fell  from  a  height  of  80  feet  into  the  river,  but  was  picked  up  and  next 
morning  was  at  work.  Another  man  fell  from  a  height  of  50  feet  into 
shallow  water  ;  he  was  able  to  report  for  work  after  two  days. 

The  iron  floor  construction  was  suspended  to  the  trusses  after  these 
were  swung. 

The  detail  of  connections  in  the  Pauli  trusses  being  simple,  the  erec- 
tion of  the  steel  and  iron  work  went  off  smoothly,  and  with  no  more  ex- 
pense than  in  parallel  chord  trusses.  It  commenced  in  the  middle  of 
September,  1882,  and  was  completed  December  31st,  1882. 

To  the  new  iron  floor  construction  the  old  bridge  floor  was  tem- 
porarily suspended  with  iron  rods  on  wooden  blocks,  laid  crosswise  on 
the  bottom  flanges  of  the  stringers. 

The  towers  of  the  old  bridge  on  the  down- stream  side  were  in  the]way 
of  the  erection  of  the  iron  plate-girders  at  the  south  end  of  the  bridge. 
These  down-stream  towers  were  removed  first,  together  with  the  cable 
they  supported.  The  old  bridge  floor  where  it  was  not  suspended  from 
the  new  bridge  was  held  up  on  wooden  trestles. 

Three  plate-girders  in  each  span,  supporting  the  down-stream  track 
and  sidewalk,  equal  to  half  the  width  of  the  new  bridge,  were  put  into 
position,  and  the  paving  for  one  car-track  finished  for  the  entire  length 
of  the  bridge,  without  interrupting  travel  on  the  old  bridge  below. 

Temporary  wooden  trestle  approaches,  with  plank  floors  for  one  tracks 
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were  built  at  both  abutments,  because  the  filling  in  would  have  inter- 
fered with  travel  on  the  old  bridge.  All  this  work  was  much  retarded 
by  a  stormy  and  severe  winter.  Travel  was  turned  over  the  new  bridge 
on  the  down-stream  track  on  March  19th,  1883. 

During  a  high  water,  February  22d,  1883,  a  heavy  mass  of  ice  came 
down  the  river  on  a  swift  current,  and  tore  away  a  part  of  the  false  works 
supporting  the  old  bridge  in  a  place  where  it  was  not  suspended  from 
the  new  one.  The  old  bridge  was  then  in  danger  of  falling  into  the  river; 
but  by  promptly  suspending  the  old  floor  to  the  new  one,  first  with 
ropes  and  chains,  and  then  with  iron  rods,  the  old  bridge,  after  one  and 
a  half  day's  interruption,  was  again  safe.  This  was  the  only  interrup-. 
tion  of  travel  throughout  the  whole  work. 

After  travel  was  turned  on  the  new  bridge,  the  gaps  and  openings  in 
the  abutments  and  piers  were  walled  in,  as  stated  before.  The  remain- 
ing old  towers,  cables  and  bridge  floor  were  removed,  and  the  up-stream 
half  of  the  plate-girder  approaches  completed. 

This  was  done  by  placing  in  position  the  remaining  three  plate-girders 
in  each  span,  and  the  iron  columns  (supporting  the  girders  near  the 
abutments).  At  the  same  time  the  erection  of  the  hand-railing  and  of 
the  ornamental  cast-iron  tower  progressed.  The  adjustment  nuts  of  the 
diagonal  ties  in  the  channel  spans  were  covered  with  ornamental  castings, 
which  prevent  tampering  with  the  sleeve-nuts. 

The  filling  in  and  regrading  of  the  approaches  at  both  ends,  and  the 
building  of  the  toll-houses  and  bridge  office,  were  completed  simultan- 
eously with  the  superstructure. 

The  Flooring  of  Roadway  and  Sidewalk. 

This  consists  of  preserved  wood,  namely,  gum-wood  and  white  pine, 
preserved  by  the  zinc-tannin  process.  On  both  the  roadway  and  side- 
walks the  bottom  planking  distributes  the  weight  on  the  iron  and 
girders,  so  that  the  top  sheeting  or  paving  forms  merely  the  wearing 
surface. 

To  the  top  of  iron  floor  girders  are  bolted  wooden  bolsters,  to  which  is 
spiked  the  bottom  cross-planking,  3  inches  thick  for  the  roadway,  and  2 
inches  thick  for  the  sidewalks. 

No  provision  is  made  to  carry  off  the  water  sideways.  The  grade  of 
the  bridge  is  sufficient  to  carry  off  all  surface  water  lengthwise.    Besides, 
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the  durability  of  the  preserved  gum-wood  is  increased  by  keeping  the 
floor  moist  (by  sprinkling  during  the  dry  season). 

The  space  between  the  track  rails  and  in  the  middle  of  bridge  is 
paved  with  preserved  gum-wood  blocks  3  inches  thick  and  3  inches  high, 
laid  with  i-inch  strips  between. 

Every  paving  block  is  fastened  down  to  the  bottom  planking  with 
diagonal  spikes.  The  paving  blocks  for  the  tracks  rest  on  a  1-inch  lon- 
gitudinal sheeting  of  preserved  white  pine,  which  serves  to  distribute 
lengthwise  any  uneven  pressure  to  the  cross-planking  beneath.  The 
joints  between  paving  blocks  were  filled  with  a  hot  mixture  of  tar,  pitch, 
rosin,  lard,  lime  and  sand  in  such  proportions  as  to  run  freely  from  the 
ladle. 

The  space  between  the  tracks  and  sidewalks  is  covered  with  a  length- 
wise top  planking  3  inches  thick. 

The  sidewalks  are  9  inches  higher  than  the  roadway.  The  wearing 
surface  consists  of  white  pine,  1  inch  thick,  on  the  bottom  planking  of 
gum-wood,  2  inches  thick.  In  the  curb  are  openings  30  inches  long, 
and  on  the  average  3  feet  apart  for  cleaning  the  roadway  of  mud  and 
snow.  Under  the  sidewalk,  on  the  down-stream  side,  extends  a  box  with 
a  movable  cover,  the  entire  length  of  the  bridge.  This  contains  the 
water  and  gas  pipes  and  telegraph  cables.  Every  150  feet  are  covered 
openings  for  hose  attachment,  provided  for  sprinkling  the  floor  and  for 
use  during  a  fire. 

A  small  fire  occurred  in  April,  1883.  It  originated  on  the  old  bridge, 
and  scorched  the  floor  of  the  new  bridge  near  the  southern  end.  It 
showed  the  necessity  of  guarding  against  fire  on  the  new  bridge.  All 
wooden  flooring  is  to  be  protected  by  a  paint  of  quicklime  and  glue 
water,  and  all  crevices  and  joints  in  the  wooden  floor  to  be  filled 
with  it. 

For  the  preservation  of  the  lumber  by  the  zinc-tannin  process,  the 
specifications  stipulated  that  steaming  in  the  curing  cylinder  should  con- 
tinue at  18  pounds  pressure  for  four  and  a  half  hours  ;  the  vacuum 
should  not  be  more  than  two  pounds  per  square  inch.  Gum-wood  should 
absorb  25  per  cent.,  and  white  pine  12^  per  cent,  of  the  antiseptic  solution 
under  a  pressure  of  30  pounds  per  square  inch.  The  solution  is  to  be  5 
parts  (in  bulk)  of  chloride  of  zinc  to  95  parts  of  water.  The  lumber  was 
to  be  left  in  it  till  each  cubic  foot  of  gum-wood  had  absorbed  one  and  a 
half  gallons,  and  each  cubic  foot  of  white  pine  1 .  05  gallons  of  the  anti- 
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septic.  After  this  a  solution  of  tannin  was  forced  into  the  cylinder,  and 
the  lumber  kept  immersed  in  it  for  3  hours,  under  80  pounds  pressure. 

Borings  from  the  end  of  a  stick  which  were  analyzed,  contained  0.379 
percent,  metallic-zinc  in  weight,  equivalent  to  0.789  per  cent,  of  zinc 
chloride.  This  was  rather  a  high  showing,  as  0.5  per  cent,  of  zinc 
chloride  was  all  that  was  expected. 

Borings  taken  from  the  middle  of  a  stick  26  feet  long,  12  inches 
by  6  inches,  were  found,  on  analysis,  to  contain  0.125  per  cent,  of  zinc 
chloride,  or  only  one-quarter  of  the  amount  intended  to  be  injected ;  it 
is  doubtful  whether  in  long  sticks  the  desired  percentage  can  be  attained, 
without  very  materially  increasing  the  strength  of  the  solution,  which 
again  would  probably  increase  the  percentage  at  the  ends  to  such  an  ex- 
tent as  to  render  the  lumber  brittle  after  a  while. 

The  borings  were  from  freshly  treated  lumber.  It  is  probable  that 
the  percentage  is  gradually  increased  to  a  limited  extent  in  the  heart  of 
a  long  stick,  owing  to  interchange  of  the  solution  by  capillary  attraction 
along  the  grain  of  the  wood.  The  real  antiseptic  substance  is  the  zinc 
chloride,  while  the  tannin  serves  only  to  increase  the  adhesion  of  the 
precipitate  to  the  wood  fibres. 

Care  was  required  in  the  inspection  of  the  lumber  before  treatment. 
Sap,  loose  knots,  cracks,  windshakes,  are  of  course  as  much  a  defect  in 
treated  as  in  untreated  lumber.  Any  unsound,  weak  or  soft  wood  will 
not  be  improved  by  the  treatment,  which  aims  merely  to  make  the  lum- 
ber more  durable,  by  preventing  rotting.  It  may  be  added  that  lumber, 
treated  by  the  zinc-tannin  process,  will  not  lose  anything  in  its  value  as 
a  combustible,  as  the  experience  with  the  fire  at  Monongahela  Bridge 
proved. 

The  track  rails  on  the  bridge  are  12  inches  wide,  and  composed  of  flat 
bars  7  by  J  inches,  30  feet  long,  riveted  together  with  countersunk 
steel  rivets  to  a  section,  as  shown  in  drawing. 

Splice-plates  12  by  ^  inches,  2  feet  long  under  the  joints,  and  |-inch 
round  spikes,  with  conical  heads,  countersunk  to  the  full  thickness  of 
the  rail  (|  inch),  so  that  the  spikes  may  hold  down  the  rail,  no  matter 
how  thin  it  may  have  worn. 

The  Ornamental  Towees 

are  built  of  cast-iron,  the  roofs  being  of  wrought-iron;  they  support  merely 
their  own  weight  ;  they  incase  the  steel  posts,  which,  to  the  eye,  would 
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seem  very  slender  supports,  and  would  appear  out  of  proportion  in  com- 
parison with  the  heavy  piers  and  high  trusses.  The  end  posts  can  rock 
inside  of  the  towers,,  which  are  not  in  any  way  connected  with  them. 
Where  the  trusses  pass  through  the  towers,  room  is  left  for  expansion 
from  temperature  changes. 

The  architecture  of  the  towers  is  so  planned,  and  the  composing  parts 
so  arranged,  that  the  portals  may  be  widened  out  to  suit  the  entrance  to 
a  wider  bridge,  should  it  be  required. 

Painting. 

Besides  painting  the  metal  with  raw  linseed  oil  at  the  mills,  and  iron 
oxide  paint  at  the  bridge  shops,  two  coats  of  white  lead  paint  were  ap- 
plied to  the  erected  steel  and  iron  work.  The  white  lead  paint  was  used 
without  any  dryer,  and  mixed  with  boiled  linseed  oil  only.  All  joints 
and  crevices  where  water  might  collect,  were  puttied  all  around  and  raw 
linseed  oil  poured  in,  as  much  as  they  would  hold. 

As  the  erection  took  place  mostly  in  inclement  weather,  the  shop  paint 
came  off  in  many  places  by  dragging  the  pieces  through  slush  and  mud, 
which,  especially  in  Pittsburgh,  rusts  iron  rapidly. 

Rusty  places  were  coated  with  a  thin  lime  paste,  which,  after  drying, 
was  scrubbed  off  with  wire  brushes  and  freshly  painted. 

All  iron  work  under  the  flooring  has  been  painted  brown  ;  all  iron 
and  steel  work  above  the  flooring  is  blue.    The  towers  have  a  stone  color. 

Loads  and  Unit  Stbains. 
Beginning  from  the  north  end,  there  are  : 

1.  One  40-foot  span,  six  equal  plate-girders,  proportioned  for  a  live 
load  of  10  800  pounds  per  lineal  foot  of  bridge. 

2.  One  81-foot  span,  six  equal  plate -girders,  proportioned  for  a  live 
load  of  9  000  pounds  per  lineal  foot  of  bridge. 

3.  One  87- foot  span,  six  equal  plate-girders,  proportioned  for  a  live 
load  of  9  000  pounds  per  lineal  foot  of  bridge. 

4:  and  5.  Two  channel  spans,  360  feet  each,  two  equal  Pauli  trusses 
of  steel  and  floor  construction  of  iron,  proportioned  for  a  live  load  of 
4  500  pounds  per  lineal  foot  of  bridge  and  in  addition  a  concentrated  load 
of  40  tons  on  a  20-foot  wheel  base  for  each  track;  of  these  loads  the  side- 
walks were  assumed  to  carry  100  pounds  per  square  foot. 
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6  One  span,  88  feet  3  inches,  six  equal  plate-girders. 

7.   One  span,  84  feet  9  inches,  six  equal  plate-girJers. 

8  and  9.  Two  spans,  60  feet  each,  six  equal  plate-girders  in  each. 

All  of  these  plate-girder  spans  proportioned  for  9  000  pounds  live 
load  per  lineal  foot  of  bridge. 

The  wind  truss  and  lateral  bracing  under  the  floor  is  proportioned 
for  a  wind  force  of  400  pounds  per  lineal  foot  of  bridge. 

The  above  live  loads,  in  addition  to  the  load  of  the  superstructure  in 
the  different  spans,  produce  no  greater  strains  per  square  inch  of  useful 
metal  areas  than  : 

For  Iron. 

8  000  pounds  in  compression  flanges  of  all  plate-girders,  floor  beams, 

stringers,  etc. 

9  000    pounds    in    tension    flanges   of    all    plate-girders,  floor  beams, 

stringers,  etc. 

8  000  pounds  tension  in  suspenders  and  hangers  of  channel  spans. 
4  000  pounds  shear  in  iron  web -plates, 

12  500  pounds  bearing  strain  on  iron  in  rivet  and  pin-holes. 

For  Steel. 

9  800  to  13  200  pounds  in  compression  members. 
15  000  pounds  in  steel  eye-bars. 

10  000  pounds  shear  on  steel  rivets  and  steel  pins. 

20  000  fibre  strain  on  steel  rivets  and  pins  from  bending-moment. 
18  000  pounds  bearing  strain  on  steel  in  rivet  and  pin-holes. 

The  following  quantities  of  material  were  consumed  in  the  construc- 
tion of  the  Monongahela  Bridge  : 

[  Lumber,  feet  B.  M 594  000 

Foundations  ....]  I^il-' li-^1  ^-^ ' ^^  ^^^ 

j   Concrete,   cubic  yards 1  280 

L  Iron,   tons 32 

Stone  masonry,  cubic  yards 10  500 

f  Iron,  tons 1  070 

Steel,  tons 740 

Cast-iron  of  towers,  pedestals,  etc.,  tons..  196 

Preserved  lumber  for  floor,  feet  B.  M 358  000 

I   Steel  rails,  tons, 134 

[  Hand-railing,  2  980  lineal  feet,  pounds 120  200 
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f  Filling,  cubic  yards 10  000 

Approaches -{   Sidewalk  pavements,  square  yards 1  400 

[  Street  pavements,           "            "     2  200 

The  total  cost  of  construction  amounts  to  about  $460  000. 

Condition  of  Old  Suspension  Bridge  before  removal.  Tests  with 
Iron  from  the  same,  and  Conclusions. 

As  remarked  before,  the  old  superstructure  was  loose  and  undulating 
up  and  down  about  3  feet  in  each  span. 

The  Howe  trusses  at  the  ends  of  the  floor  beams  were  intended  to  give 
the  required  stiffness  to  the  suspended  platform,  but  they  had  become 
very  pliable,  and  remained  so  in  spite  of  the  efforts  on  the  part  of  the 
bridge  repairers.  "The  splices  would  not  hold."  Nor  was  the  cause 
difficult  to  discern. 

Every  passing  load  would  deflect  the  wooden  floor  beams  and  raise 
their  ends,  the  suspender  from  the  cable  acting  as  a  fulcrum.  At  the 
ends  of  the  floor  beam  was  the  Howe  truss,  which  in  this  way  was  lifted 
up  for  a  certain  length.  Hence,  instead  of  distributing  the  load  on  the 
cable,  it  had  just  the  reverse  effect ;  it  would  increase  the  load  on  a  sus- 
pender by  its  own  weight   for  the  length  of  several  panels. 

When  in  addition,  the  suspenders  were  badly  adjusted  (and  it  was 
no  easy  matter  to  adjust  them  right),  the  unfavorable  conditions  were 
still  more  increased.  The  bridge  repairers  had  tried  hard  to  make  the 
Howe  trusses  do  their  duty,  especially  as  the  Bridge  Company  had  to  pay 
a  handsome  yearly  patent  royalty  on  the  same,  but  in  vain.  Their  value 
as  stiffening  finally  consisted  merely  in  their  dead  weight — about  the 
most  harmless  service  that  could  be  expected  of  them  in  their  position 
on  the  bridge.  Nor  was  it  surprising  that  the  suspender  rods  from  cable 
to  floor  would  constantly  break. 

There  were  few  days  when  no  rods  broke,  and  sometimes  as  many  as 
eight  broke  in  a  day,  mostly  only  the  short  suspenders  (under  4  feet), 
which,  in  addition  to  the  pull  from  the  load  and  the  action  of  the  Howe 
truss,  were  subject  to  alternating  bending  strain  from  the  vibratory  mo- 
tion of  the  floor  at  and  near  the  middle  of  the  span. 

The  size  for  the  short  rods  had  been  gradually  increased  from  !«  to 
If  inches  diameter,  and  steel  had  been  tried  for  them.  But  experience 
proved  that  a  soft,  tough  iron  would  last  the  longest ;  they  invariably 
broke  at  their  lower  end  in  the  thread  behind  the  nut.     If  one  of  these 
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rods  lasted  two  (2)  years  it  was  considered  very  good  iron.  Soft  steel 
rods  lasted  about  4  months.  The  stays  If  inches  diameter  had  also  be- 
come loose  and  useless. 

The  bridge,  with  a  series  of  eight  suspended  spans,  afforded  the  oppor- 
tunity of  observing  the  effect  of  an  advancing  load  upon  the  cables  when 
the  bridge  otherwise  happened  to  be  free  from  teams.  The  loaded  span 
would,  of  course,  deflect  and  the  neighboring  spans  would  rise.  The 
movement  in  the  floor  seemed  to  the  eye  like  an  advancing  wave,  requir- 
ing a  certain  time  to  reach  the  anchorages.  It  strongly  suggested  the 
element  of  time  required  for  a  force  to  produce  its  full  effect  on  a  con- 
tinuous bridge  frame  of  greater  length,  wliether  it  be  a  number  of  con- 
nected smaller  spans,  or  one  or  more  of  greater  span.  Even  in  a  suspen- 
sion bridge,  in  which  a  stiffening  truss  of  sufficient  strength  and  in  the 
plane  of  the  cable  equalizes  the  load  on  the  same,  the  exact  strains  in 
both  are  not  easily  defined.  For  a  uniform  load,  for  instance,  the  stiffen- 
ing truss  is  not  needed,  the  material  in  the  same  is  not  strained,  but  the 
cable  has  a  certain  permanent  strain.  If  now  a  partial  load  is  to  be  pre- 
vented from  deforming  the  cable,  by  means  of  a  stiffening  truss,  the 
material  in  the  same  will  be  strained  from  zero  to  a  certain  maximum  in 
certain  places. 

If  we  consider  that  the  lengthening  or  shortening  of  the  material 
takes  place  in  an  exact  ratio  with  the  strains  which  cause  these  changes 
of  length  (within  the  elastic  limit),  and  that  the  time  required  for  them  is 
necessarily  in  the  same  ratio  (since  the  strains  are  caused  by  the  same 
load),  then  it  follows  that  the  full  effects  of  the  load  on  the  trusses  and 
on  the  cables  take  place  at  different  times.  For  when  the  material  in 
the  trusses,  from  the  above  partial  load,  is  strained  from  0  to,  say,  16  000 
pounds  per  square  inch  for  steel,  the  strains  in  the  cable  will  (we  as- 
sume) be  raised  from  12  000  to  14  000  pounds  ;  the  ratio  of  the  increase 
would  be  as  8  to  1. 

(The  ratio  here  assumed  is  depending  on  length  of  span,  and  becomes 
greater  as  the  spans  get  longer  and  proportionately  heavier.  No  allow- 
ance is  made  in  this  illustration  for  the  time  required  by  the  force  to 
travel  up  the  suspenders  to  the  cable. ) 

In  other  words,  the  maximum  effect  will  be  produced  in  the  cable 
eight  times  quicker  than  in  the  stiffening  truss.  The  deforming  force 
will  travel  that  much  faster  in  the  cable  than  in  the  stiffening  truss,  what- 
ever the  absolute  time  may  be. 
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In  this  wise  the  writer  would  explain  the  observed  movement  of  the 
cable  in  advance  of  the  movement  of  the  floor  and  trusses  on  the  unloaded 
bridge,  from  a  team  advancing  on  it. 

The  cable  would,  on  the  entering  of  the  load  on  the  bridge,  at  once 
commence  to  move  from  end  to  end  of  bridge,  and  the  grinding  noise  of 
the  moving  pendulums  could  be  heard  long  in  advance  of  any  noticeable 
deformation  in  the  floor  or  Howe  truss.  The  cables  were  at  the  middle 
of  each  span  close  down  to  the  floor,  which  could  not  move  longitudi- 
nally. When  the  "  advance  movement  "  in  the  cable  from  a  load  occurred, 
the  short  suspenders  at  the  middle  were  almost  the  only  means  of  check- 
ing the  extent  of  it ;  these  short  suspenders  were  subjected  to  a  severe 
bending  strain,  as  mentioned  before,  and  would  break  off  frequently. 

Such  effects  of  loads  on  a  stiffened  suspension  bridge  should  receive 
consideration  in  designing  the  same  ;  the  writer's  investigations  in  that 
direction  convince  him  that  stiffening  trusses,  if  they  were  properly  pro- 
portioned, are  the  least  economical  means  in  point  of  material  of  giving 
rigidity  to  a  suspension  bridge,  even  for  longer  spans,  in  which  the 
inertia  of  the  mass  itself  contributes  to  stiffness,  and  where  the  deform- 
ing loads  are  but  a  fraction  of  the  permanent  ones. 

Loads  coming  upon  the  bridge  in  the  form  of  shock  did  not  seem  to 
affect  the  cable  much.  A  wagon  jolting  over  defective  rail-joints  would 
cause  severe  shocks  on  the  suspenders,  but  near  the  cable  ends  it  could 
hardly  be  felt. 

On  taking  down  the  bridge  an  opportunity  was  offered  to  examine  the 
iron  of  some  bridge  parts  which  had  been  severely  strained  for  37  years. 

The  only  tests  which  had  been  made  by  Mr.  Roebling  were  with  the 
wire,  which  had  been  tested  with  an  ordinary  lever  beam  to  1  200  pounds, 
and  also  by  bending  it  repeatedly.  So  the  writer  learned  from  Col.  S. 
M.  Wickersham,  in  Pittsburgh,  Pa.,  who  had  been  Mr.  Roebling's  super- 
intendent in  building  the  Monongahela  Bridge. 

The  old  cable  had   750  wires,  consequently  a  strength  of  450  tons. 

The  writer's  calculations  show  that  the  pull  in  the  cable  from  the  dead 

,      T     ,  I  94. 2  tons  at  the  middle, 

load  alone  was -j  gg  q     ..    ^j.  ^^^  ^^^^^ 

,  „              T           _   .,     -      T  (  175  tons  at  themidde, 

and  from  ordinary  daily  loads -j  ^^g     ..    ^^^^^  ^^^^^ 

from    heaviest    loads    admitted,  and    occurring  i  245  tons  at  the  middle, 
several  times  a  week |  256     "     at  the  ends. 
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This  shows  that  the  wire  was  daily  strained  to  -fV  and  frequently  to 
over  i  of  its  ultimate  strength.  Still,  on  taking  wires  from  the  cable, 
some  of  them  would  coil  up,  presumably  to  the  curve  they  originally  had 
on  the  wire  drum.  "  There  was  still  life  in  them."  Ten  wires  from  differ- 
ent parts  of  the  cable  were  tested  in  Pittsburgh,  and  showed  an  ultimate 
strength  of  from  990  to  1  340  pounds,  equal  to  72  700  and  95  700  pounds 
per  square  inch. 

The  lowest  result  (72  700  pounds)  was  with  a  wire  from  around 
the  cast  shoe  on  the  pin.  The  elastic  limit  was  from  67  100  to  78  600 
pounds  per  square  inch.  Ten  similar  wires  were  sent  to  Mr.  Colling- 
wood,  assistant  engineer  at  the  Brooklyn  Bridge,  and  tested  by  him. 
Strange  enough,  the  strongest  wire  there  was  from  around  the  shoe, 
showing  an  ultimate  strength  of  100  000  pounds  per  square  inch.  The 
weakest  specimen  showed  91  241  pounds  per  square  inch;  this  broke  out- 
side the  marks.  The  average  of  the  ten  wires  was  96  690  pounds  per 
square  inch,  or  over  3  000  pounds  more  than  Trautwine  gives  for  wire  of 
0.13-inch  diameter. 

Mr.  Collingwood's  results  are  somewhat  higher ;  it  is  probable  that 
this  may  be  on  account  of  the  different  testing  machines.  The  elonga- 
tion was  from  1.66  to  8.5  per  cent.  Keduction  at  point  of  fracture  was 
from  35  to  75  per  cent.  A  new  ordinary  telegraph  wire  of  same  gauge, 
tested  in  Pittsburgh,  showed  an  ultimate  strength  of  99  980  pounds  per 
square  inch  ;  elastic  limit,  81  550  pounds  ;  elongation,  5  J  per  cent  ;  reduc- 
tion, 57.4  per  cent.  The  wire  splices  were  3  inches  to  4  inches  long,  and 
consisted  of  the  overlapping  wire  ends  being  wrapped  closely  with  fine 
annealed  wire.  Three  of  them  were  tested  ;  they  all  broke  in  the  splice 
with  980,  1  010  and  1  030  pounds  respectively,  or  somewhat  less  than  the 
full  strength  of  the  wire.  The  same  could  be  bent  to  180°,  back  again 
360°,  and  would  break  then  in  straightening  up. 

The  above  tests  proved  that  the  cables  had  lost  little  if  anything  of 
their  original  strength. 

One  end  of  each  cable  was  fastened  to  the  pendulum  pin  with  four 
(4)  eye-bars  4  by  1^  inches,  and  about  2^  feet  long  from  centre  to  centre 
of  holes  for  3-inch  pins.     The  connection  is  shown  in  the  sketch. 

The  total  section  of  the  4  bars  was  20  square  inches,  and  assuming 
that  they  were  strained  all  alike,  the  pull  on  them  from  dead  load  alone 

was 98  tons,  or  9  800   pounds  per  square  inch 

from  ordinary  loads  was 186         * '      18  600 

and  maximum  was 256         *'     25  600 
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But  from  the  arrangement  of  the  bars  it  is  apparent  that  the  inner 
cable  links  had  to  take  the  greater  share  of  the  pnll,  and  before  the  pins 
had  bent,  must  have  had  to  resist  the  entire  pull. 

The  iron  in  them  was  consequently  strained  far  beyond  the  elastic 
limit,  and  they  had  stretched  J  to  i  inch,  as  was  ascertained  by  measur- 
ing the  length  of  the  inner  and  the  outer  cable  links.  The  3-inch 
pins  were  all  found  to  be  bent,  and  two  of  them  were  found  to  be  partly 
broken  in  old  flaws. 

The  strain  in  extreme  fibre  from  bending  on  the  pin,  by  the  pull  of 
the  cable  from  dead  load  alone,  could  not  have  been  less  than  46  500 
pounds  per  square  inch,  and  90  000  pounds  from  ordinary  loads,  or  about 
4^  times  as  much  of  what  is  considered  safe  practice  m  modern  iron 
bridge  work.  The  cable  fitted  over  the  pin  with  a  cast-iron  shoe,  which 
in  most  places  was  found  broken. 

The  pendulum  pins  on  which  both  cables  were  fastened,  were  alsa 
all  found  to  be  bent;  in  all  of  them  grooves  had  been  worked  out  from 
the  motion  of  the  pendulum.  The  grooves  were  |  to  J  inch  deep  ; 
the  corresponding  pin-holes  in  the  pendulum  bars  had  been  ground  out 
to  an  oblong  shape  to  the  same  extent. 

Three  pins  were  tested  and  bent  on  an  anvil  to  ascertain  the  character 
of  the  iron  ;  one  pin  broke  clean  oft'  at  a  bend  of  30  degrees,  revealing  a 
granulated  fracture  of  fine  grain  on  the  convex  side  and  coarser  grain  on 
the  concave  side. 

The  second  pin  broke  in  bending  through  a  hole  in  the  outer  fibre, 
which  was  fibrous  and  crystalline  in  layers.  In  the  hole  was  found  a  steel 
plug  I  inch  long. 

The  third  pin  gave  the  most  surprising  result.  It  bent  180  degrees 
around  |  of  its  diameter  without  any  crack.  It  had  4  grooves  ^  inch 
deep  worked  out  from  the  pendulum  bars. 

All  pendulum  bars  were  4  inches  by  1  inch  in  section,  or  16  square 
inches  per  pendulum.  The  pull  on  them  was  from  dead  load  abone  56.4 
tons,  from  ordinary  daily  loads  106  to  146  tons.  Supposing  the  bars  to 
have  been  strained  all  alike,  the  pull  per  square  inch  from  dead  load 
alone  was  3.5  tons,  and  from  live  loads  6.6  to  9.2  tons.  But  owing  to  the 
bars  being  in  pairs  at  each  end  of  the  pin,  the  inside  bar  had  necessarily 
a  larger  pull  to  resist,  and  must  have  been  strained  sometimes  to  15  tons 
per  square  inch .  In  addition  to  it  was  the  torsion  and  friction  on  the 
pin. 
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The  bearing  strain  on  tlie  lower  pin-holes  of  the  cable  links  was  6.5 
tons  per  square  inch  from  dead  load  alone;  and  from  live  loads  it  must 
have  often  reached  12  to  22  tons  per  square  inch.  But  there  was  no 
motion  on  these  pins,  and  thej  showed  no  marks  or  grooves,  notwith- 
standing the  great  compression  of  the  metal;  neither  were  the  corres- 
ponding pin-holes  in  the  eye-bars  elongated. 

The  bearing  strain  on  the  semi-intrado  of  the  pin-hole  (3x1  inches) 
was  for  dead  load  4.67  tons  per  square  inch,  and  for  live  loads  must 
have  reached  8.8  to  20  tons  per  square  inch.  Present  practice  would 
allow  7.5  tons  maximum. 

The  section  of  the  anchor-chains  on  both  abutments  was  equal  to  4 
eye-bars  of  4  X  1^  inches,  or  about  18  square  inches. 

The  pull  on  these  bars  from  dead  load  alone  was  56.0  tons,  and  from 
ordinary  live  loads  106  tons  to  a  maximum  of  144  tons,  representing  a 
pull  per  square  inch  of  3.1  tons,  5.9  tons  and  8  tons,  respectively. 

The  suspension  rods.  If  inches  diameter  (1.15  d"),  had  to  resist  a 
pull  of  2  500  to  12  000  pounds  each.  A  great  many  of  the  shorter  rods 
broke  in  the  thread  under  the  nut  (net  area,  0.7n  "),  and  were  replaced 
with  l|-inch  rods,  as  mentioned  before.  The  cause  of  the  breakages  has 
also  been  stated. 

The  fracture  of  every  broken  suspender  was  granular,  of  finer  or 
coarser  grain.  In  bending  the  same  rod  a  few  inches  above  the  fracture, 
it  would  reveal  mostly  a  fibrous  texture,  showing  that  deterioration  had 
taken  place  only  at  points  of  overstraining. 

The  stays  in  the  old  bridge  were  without  strain,  and  had  been  so 
many  years;  where  the  loose  stays  crossed  the  suspenders,  the  former 
were  worn  sometimes  |  inch  deep;  the  suspenders  were  worn  but  slightly 
at  these  crossings.  Bending  tests  with  these  stay-rods  showed  a  ductile 
tough  iron. 

A  number  of  tests  were  made  with  the  eye-bars  from  different  parts 
of  the  bridge,  with  stay-rods  and  suspenders,  the  results  of  which  are 
tabulated  below  : 
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Conclusion  from  Tests. 

The  high  elastic  limit  of  the  cable  wires,  sometimes  so  close  up  to 
the  ultimate  strength  as  to  be  impossible  to  define,  and  the  small  elonga- 
tion, together  with  the  large  reduction,  have  been  undoubtedly  the 
result  of  the  cold  drawing  of  the  wire,  which  generally  has  the  effect 
(the  same  as  in  cold  rolling)  of  raising  the  elastic  limit  and  ultimate 
strength,  bringing  them  closer  together  and  reducing  the  elongation. 
In  texture  the  iron  was  made  steely  and  homogeneous. 

The  pliability  of  the  cable  protected  the  connections  in  the  towers 
(which  were  the  weakest  parts)  from  shocks.  Otherwise,  the  cable  links 
and  pins,  overstrained  as  they  were,  would  have  parted  under  a  sudden 
pull  long  ago  ;  as  it  was,  all  of  the  pins  were  found  bent,  and  some 
partly  broken. 

Two  of  the  cables,  after  having  been  in  the  river  for  six  months,  were 
found  to  be  dry  in  the  inside,  so  well  had  the  old  wrapping  and  paint 
protected  them.  The  danger  from  rust  is  thus  little  more  for  the  metal 
in  cable  form  than  for  a  solid  bar,  while  the  former  is  fully  twice  as 
strong.     Steel  and  iron  are  strongest  in  the  wire  form. 

The  advantages  of  the  cable  form  for  tension  members  in  long  spans 
are,  indisputable,  and  the  judgment  of  Mr.  J,  A.  Roebling  (the  origina- 
tor) is  fully  corroborated  by  experience. 

In  the  absence  of  any  recorded  tests  with  iron  bars  at  the  time  of 
building  the  bridge,  the  conclusions  from  the  tests  stated  above  will  be, 
necessarily,  incomplete  ;  but  this  much  can  be  said  : 

That  the  iron  put  in  the  bridge  originally  was  not  of  a  uniform 
quality.  The  bending  tests  on  the  pins  and  the  fracture  of  the  eye-bars 
prove  this. 

Of  three  pins  which  had  been  bent,  each  one  showed  a  different 
quality  of  iron  and  texture,  though  they  had  been  subjected  to  precisely 
the  same  strains  in  the  bridge.  The  pin,  doubled  up  in  bending,  proved, 
after  being  severely  strained  for  many  years,  to  be  of  a  superior  ductile 
iron,  the  fibrous  texture  of  which  had  not  been  changed  in  any  way. 
These  pins  were  not  only  subjected  to  a  very  great  bending  strain,  but 
also  to  torsion  and  friction. 

The  iron  in  the  burs  shows  also  a  want  of  uniformity,  which  must 
have  existed  originally,  which  is  plausible,  considering  the  difficulty 
of  making  them  in  1845.  Each  link  seems  to  have  been  forged  from  one 
billet ;  this  is  supposed  from  the  variation  in  their  section,  not  only  as 
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one  compared  with  the  other,  but  in  the  same  bar.  Most  of  the  bars 
were  full  of  slight  flaws  crosswise  and  lengthwise,  suggesting  the  use  of 
a  light  hammer  and  want  of  sufficient  power  to  condense  the  metal, 
especially  in  the  eyes,  where  the  largest  mass  was.  The  fibrous  fracture 
in  some  eyes,  and  the  crystalline  fracture  in  others,  belonging  to  bars 
that  had  been  exposed  to  like  strains,  proves  that  the  crystalline  texture 
must  have  been  there  originally,  and  was  not  a  result  of  deterioration. 

Of  ten  eye-bars  tested,  only  three  broke  in  the  bar — one  of  them 
through  a  flaw — so  that  in  only  two  bars  the  full  ultimate  strength  of  the 
iron  was  developed  in  testing.  It  reached  42  230  and  45  790  per  square 
inch  respectively.  The  former  was  of  crystalline  texture,  had  a  high 
elastic  limit  (33090)  and  low  elongation  (2.92  %)  ;  it  was  an  anchor-bar, 
on  which  the  strain  per  square  inch  probably  never  exceeded  12  000 
pounds  ;  furthermore,  it  was  never  exposed  to  the  slightest  vibration  in 
the  bridge. 

It  is  reasonable  to  assume  that  the  bar  was  crystalline  in  texture 
when  put  in  place.  The  other  eye-bar,  also  an  anchor-bar  as  the  one 
before  mentioned,  in  which  the  full  strength  (45  790  pounds)  of  the  iron 
was  developed,  showed  a  high  elastic  limit  (30  050),  with  an  elongation 
of  9.6  % — a  quality  of  iron  which  is  often  accepted  nowadays  for  plates. 
The  fracture  was  fibrous,  with  few  crystals. 

In  all  the  rest  of  the  tested  eye-bars  the  ultimate  strength  of  the  iron 
was  not  developed,  owing  to  the  weak  heads,  which  were  all  too  small, 
and  broke  in  testing.  The  smaller  head  broke  in  all  bars  ;  the  fracture 
was  crystalline  in  some  and  fibrous  in  others.  One  of  the  bars,  after 
being  nicked,  would  not  break,  but  bent,  and  showed  tough  iron. 

The  iron  in  the  cable  bars  has  been  undoubtedly  often  strained 
beyond  the  elastic  limit.  As  to  the  proportion  of  the  heads  to  the  bar, 
the  tests  show  that  where  the  excess  of  metal  was  below  22  %  the  eye 
broke  without  developing  the  full  strength  of  the  bar. 

The  original  want  of  uniformity  in  the  iron  is  also  attested  by  the 
tests  on  the  suspension  and  stay  rods.  None  of  them  werestrained more 
than  12  000  pounds  per  square  inch.  The  fracture  with  crystalline  and 
fibrous  layers  shows  that  the  iron  had  been  so  put  in  the  bridge  originally. 
If  deterioration  would  afifect  a  fibrous  texture  it  would  be  destroyed. 

The  above  tests  indicate  that  iron  highly  strained  for  a  long  number 
of  years,  but  still  within  the  elastic  limit,  and  exposed  to  slight  vibra- 
tion, will  not  deteriorate  in  quality. 
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That  if  subjected  to  only  one  kind  of  strain  it  will  not  change  its 
texture,  even  if  strained  beyond  its  elastic  limit,  for  many  years.  It  will 
stretch,  and  behave  much  as  in  a  testing  machine  during  a  long  test. 

That  iron  will  change  its  texture  only  where  exposed  to  alternate  severe 
straining,  as  in  bending  in  different  directions.  If  the  bending  is  slight, 
but  very  rapid,  as  in  violent  vibrations,  the  effect  is  the  same.  (Mark 
failure  of  short  suspension  bars.)  The  deterioration  may  be  explained 
as  a  loosening  and  destroying  of  the  fine  laminae  of  slag  (in  the  fibrous 
wrought-iron),  causing  the  same  to  become  granulated.  In  a  fibrous 
iron  the  cohesion  of  the  molecules  is  greater  in  the  direction  of  the  fibre 
than  across  it.  When  the  dividing  laminae  of  slag  are  destroyed,  the  iron 
particles  tend  to  restore  an  equilibrium  of  cohesion,  as  it  were.  Their 
cohesion  longitudinally  decreases  and  transversely  increases,  causing  a 
condition  of  cohesion  as  in  cast-iron. 

Another  such  agency,  changing  the  texture  of  iron,  may  be  found  in 
heat  and  oscillation  combined.  Latent  heat  may  be  evolved  by  violent 
continuous  vibration  itself.  It  seems  certain  that  crystallization  cannot 
take  place  unless  the  iron  softens  sufficiently  under  heat,  Mud  has  rest  to 
form  crystals.  Iron  found  to  be  crystallized,  has  either  been  so  origin- 
ally or  has  been  made  so  by  sufficient  heat  and  rest  in  one  form  or  the 
other. 

The  old  bridge  did  not  have  any  wrought-iron  members  in  com- 
press-iron. The  cast-iron  towers,  the  only  compressed  members,  had 
96  square  inches  section.  The  cast-iron  was  never  higher  strained  than 
2  000  pounds  per  square  inch  under  most  unfavorable  conditions  of  load- 
ing.    It  was  fine-grained  and  tough. 

Two  cast  anchor-plates  only  were  removed  ;  one  of  them  was  found 
with  an  old  flaw  through  the  entire  width.  It  was  taken  from  the 
ground  whole,  but  in  turning  over  and  falling  it  broke,  revealing  the 
old  flaw.  It  is  very  probable  that  on  account  of  the  friction  on  anchor- 
chain  the  full  pressure  against  the  anchor-plates  had  never  been  exerted. 

The  iron  test  specimens  from  the  old  bridge  were  exhibited  at  the 
International  Exposition  of  Railway  Appliances  in  Chicago,  in  June, 
1883,  and  afterwards  donated  by  the  writer  to  the  Western  Society  of 
Civil  Engineers. 

The  lumber,  37  years  old,  in  some  parts  of  the  bridge,  where  it  was 
protected  against  rain  and  sun,  was  found  to  be  still  in  excellent 
condition. 
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DISCUSSION 

By  F.  CoLiiiNGWOOD,  T.  Egleston  and  G.  Lin'denthal. 

r.  CoLLiNGWOOD,  M.  Am.  Soc.  C.  E. — There  are  a  few  points  in  this 
paper  which  I  would  like  to  touch  upon  briefly,  as  they  bear  upon  the 
■work  with  which  I  have  been  concerned  for  the  last  fourteen  years.  The 
first  one  which  struck  me  was  the  discussion  of  the  question  of  stiffening 
trusses.  I  do  not  propose  to  take  it  up  in  detail,  because  it  has  been 
extensively  discussed  in  the  engineering  journals,  and  I  think  there  will 
always  be  somewhat  of  a  difference  of  opinion  among  engineers  as  to 
the  matter.  Theoretically,  no  doubt,  stiffening  trusses  are  an  imperfect 
device,  but,  practically,  they  do  a  very  excellent  service.  As  to  the 
question  of  economy,  that  is  one  which,  in  each  case,  must  be  discussed 
by  itself.  I  desire  to  mention,  however,  the  action,  as  I  observed  it, 
about  the  day  after  the  opening  of  our  bridge  in  New  York,  of  the 
trusses  and  the  various  connections.  It  may,  and  I  think  will  be,  of 
interest  to  the  members  of  the  Society  to  have  it  mentioned.  I  went  to 
the  driveways  of  the  structure,  and  spent  nearly  the  whole  day  in  watch- 
ing the  effect  of  various  loads  upon  it.  As  you  may  know,  there  has 
been  no  restriction  placed  upon  the  amount  of  travel,  the  only  restriction 
being  that  there  shall  be  no  racing.  Several  times  as  many  as  three 
heavily  loaded  trucks  came  crowding  along,  and  with  horses  trotting,  on 
that  structure.  The  only  motion  I  could  perceive,  by  sighting  to  some 
fixed  object,  was,  as  nearly  as  I  could  judge,  a  tremor — nothing  which 
could  be  called  a  vibration.  The  tremor  never  exceeded  a  vertical  motion 
of  over  f  of  an  inch,  and  I  think  it  was  less.  In  other  words,  the  com- 
bined effect  of  the  long  stays  and  trusses  was  that  the  first  effort  of  the 
vibration  would  stop  ;  it  never  went  beyond  a  simple  jar.  Of  course, 
when  we  speak  of  a  vibration  we  mean  a  complete  cycle  or  wave  motion. 

In  order  to  test  further  whether  there  was  any  wave  motion  in  the 
cable,  I  took  a  transit  and  set  it  in  a  shady  and  quiet  place,  so  that  the 
line  of  sight  was  tangent  to  the  cable,  but  was  not  very  well  satisfied 
with  my  observations.  I  intended  afterwards  to  continue  the  investiga- 
tion at  more  length  and  with  less  haste,  but  have  had  no  opportunity. 
I  could  see  no  motion  of  the  cable  except  what  I  thought  I  detected  to 
be  a  very  long  wave,  for  a  period  of  some  3  to  5  minutes  in  its  move- 
ment, and  of  but  a  very  slight  amount;  but  nothing  which  could  be 
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attributed  to  the  loads  on  the  bridge.  I  am  not  sure  that  I  saw  this 
long  wave,  because  the  instrument  had  been  taken  out  in  haste,  and  what 
I  thought  I  detected  might,  quite  likely,  have  been  the  motion  of  the 
instrument  caused  by  the  heat  radiating  to  it  from  the  walls  by  which  it 
was  surrounded,  or  other  cause.  I  am  certain  we  can  say  this — that 
when  we  come  to  a  heavy  cable  like  that  of  the  East  River  Bridge,  where 
the  weight  becomes  very  great  in  comparison  with  the  weight  passing 
over,  we  can  disregard  all  light  shocks,  such,  for  instance,  as  the  trotting 
of  a  heavy  team. 

There  is  another  point  suggested  by  this  paper,  which  is  of  interest, 
viz.,  that,  before  making  the  connection  of  the  long  stays,  and  before 
the  trusses  were  in  position,  the  vibrations  of  the  cables,  although  16 
inches  in  diameter,  were  very  sensible.  A  change  of  position  of  5  tons 
weight  would  make  a  perceptible  change  in  the  curve — showing  that  the 
trusses  and  long  stays  really  do  their  work. 

While  upon  this  subject  of  long  stays,  I  may  be  allowed  to  say  that 
while  very  efficient  for  stiffening  the  trusses  and  cables,  experience  seems 
to  show  that  it  is  not  well  to  depend  upon  their  full  strength  for  sup- 
porting power.  In  making  the  repairs  upon  the  Alleghany  Bridge,  par- 
tially burned  two  years  since,  I  found  that  to  transmit  the  full  compres- 
sion due  to  a  full  strain  in  the  stays  would  require  so  much  iron  under 
the  floor  as  to  considerably  reduce  the  amount  of  allowable  live  load. 
The  floor  beams  were  very  light,  but  the  flooring  was  so  thoroughly  laid 
and  fastened  together  that  its  distributing  power  was  large,  and  a  load 
of  22  tons  had  passed  over  on  a  truck  with  safety.  The  floor,  no  doubt, 
in  such  a  case  assisted  in  transmitting  the  compressive  strain. 

There  has  been  considerable  said  in  this  paper  about  granulation  and 
fibre. 

I  believe  it  to  be  quite  generally  received  at  the  present  time  that 
granulation  and  fibre  in  iron  are  but  appearances.  A  piece  of  iron,  if 
nicked  and  suddenly  broken,  will  show  a  crystalline  structure,  while 
the  same  piece,  if  broken  in  a  testing  machine,  may  show  altogether  a 
fibrous  structure. 

In  all  puddled  iron  there  is  a  certain  amount  of  slag  or  other  impu- 
rities, which,  when  the  iron  is  rolled,  produce  the  appearance  of  fibre. 
There  is  no  doubt  the  crystals  are  in  closer  contact  in  the  direction  of  the 
grain  than  across  it,  and  for  this  reason  the  strength  is  greater  also  in 
this  direction. 
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This  does  not  alter  the  probable  fact  that  all  iron  is  crystalline  in 
structure. 

There  has  been  another  point  touched  upon,  and  that  is  as  to  the 
strength  of  full-sized  bars.  From  some  experience  I  have  had,  I  do  not 
think  it  will  answer  for  us  to  criticise  the  iron  of  this  structure  too 
severely.  In  one  of  the  bridges  we  built  we  had  a  large  number  of  large- 
sized  bars,  and  I  had  occasion  to  test  some  of  them  at  full  sizes.  The 
tests  on  test  specimens  were  fully  up  to  requirements  by  specification, 
but  considerably  below  them  in  the  full-size  bars.  I  had  either  to  reject 
a  whole  lot  of  bars,  and  delay  the  work,  or  accept  them  and  put  them 
in.  I  found,  as  far  as  the  elastic  limit  was  concerned,  they  were  fully  up 
to  the  requirement — that  is,  up  to  24  000  or  26  000  pounds  per  square 
inch,  and  more  than  double  the  working  strain  put  upon  them;  but  when 
it  came  to  the  full  strength,  instead  of  going  up  to  48  000  pounds,  they 
only  went  up  to  41  000  and  42  000  pounds  per  square  inch.  None 
of  them  broke,  however,  under  less  than  four  times  the  strain  they 
would  ever  be  under  in  the  bridge,  and  I,  therefore,  made  up 
my  mind  that  I  was  perfectly  safe  in  using  them.  The  fact  is,  when  we 
come  to  large-sized  masses  we  cannot  be  sure  that  we  are  not  breaking 
our  bars,  sometimes,  in  detail  (just  as  we  can  tear  a  piece  of  cloth),  and 
the  question  of  a  condition  of  strain  in  them  caused  by  the  peculiar  heat- 
ing which  the  heads  have  to  undergo  in  manufacturing  is  something 
which  has  not  been  discussed,  and  is  not  as  fully  understood  by  en- 
gineers as  it  might  be.  I  came  to  the  conclusion,  from  what  I  saw  at 
that  time,  that  the  only  way  in  which  we  could  ever  be  certain  that  our 
bars  would  not  break  in  or  near  the  head,  even  in  those  most  carefully 
manufactured,  would  be  by  having  the  whole  bar  annealed  afterwards. 
I  am  supported  in  that  by  the  practice  that  obtains  in  the  Phoenix  Works, 
where,  I  am  informed,  they  anneal  all  bars.  A  bar  may  be  put  into  a 
furnace  and  a  portion  of  it  heated  to  a  red  heat,  while  another  portion  is 
scarcely  heated  at  all  ;  the  chances  are  that  the  furnace  man  shuts  his 
door  down  upon  it,  and  there  will  be  a  sharp  line  of  demarkation  between 
the  heated  and  unheated  portions  :  a  certain  part  will  be  comparatively 
cold,  while  another  part  is  red  hot.  The  result  of  that  is,  inevitably,  a 
state  of  strain  between  the  parts,  which  is,  in  this  case,  a  state  of  weak- 
ness. 

There  is  another  point  which  comes  up,  which  is  as  to  the  state  of 
wire  used  in  bridges.     It  was  a  part  of  the  experience  in  our  bridge  work 
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to  find  that  the  wires,  when  brought  to  the  test,  did  not  all  meet  the  re- 
quirements. Sometimes  there  would  be  two-thirds  of  a  load,  and  per- 
haps nearly  all  the  load,  that  would  not  come  up  to  the  test  at  all,  but 
be  fully  ten  per  cent,  below  the  required  strength.  Such  wire  would  be 
laid  aside  for  two  or  three  days,  perhaps  a  week,  and  then  tested,  and  in 
many  cases  every  bit  of  it  would  come  up  to  the  test.  Now,  the  ques- 
tion is,  what  took  place  ?  The  wire  had  not  been  touched  at  all.  The 
simple  explanation  is  that  the  outer  fibres  were  strained  more  than  the 
inner  fibres,  and  by  letting  the  wire  rest  for  a  certain  time  there  was  a 
slow  molecular  change  by  which  the  strains  were  equalized,  and  the  total 
section  of  the  wire  became  of  practically  uniform  strength.  Another 
fact  comes  up  in  this  connection — that  wire  which  has  been  treated 
by  sulphuric  acid  will,  for  a  short  time  after  removal  from  the  acid,  be 
much  weaker.  It  is  the  occluded  hydrogen  which  in  this  case  seems  to 
cause  a  weakness  in  the  wire. 

The  writer  of  the  paper  just  read  has  mentioned  the  fact  that  a  bear- 
ing plate  put  in  masonry  may  not,  necessarily,  be  strained  at  all  to  what 
you  calculate  is  the  strain.  In  proportioning  the  anchor  plates  for  the 
East  River  Bridge  the  puzzling  fact  was  developed  that  the  larger  the 
plate  the  weaker  it  was  as  an  anchor,  other  things  remaining  the 
same. 

In  discussing  the  size  required  I  made  a  suggestion  that  the  true 
method  was  to  consider  what  was  the  strain  upon  the  plates,  and  then, 
taking  a  very  large  margin  of  safety  against  crushing  the  stone,  to  figure 
what  would  be  the  largest  area  necessary  to  support  the  whole  lifting 
strain  safely.  This  would  give  the  minimum  size  of  anchor  plate  re- 
quired ;  which  might  have  to  be  increased  if  it  was  found  not  to  take 
hold  upon  enough  masonry. 

In  reference  to  eye-bars,  there  is  no  doubt  that  we  have  made  very 
great  advances  in  the  proportioning  of  the  heads  of  bars  to  the  bars 
themselves,  and  I  think  those  who  saw  the  specimens  on  exhibition  at 
Pittsburgh  will  see  how  great  the  advance  has  been  in  this  direction. 

T.  Egleston,  M.  Am.  Soc.  C.E. — Mr.  Colling  wood  has  alluded  to  the 
necessity  of  annealing.  I  wish  to  emphasize  that  fact,  for  I  have  had 
occasion  recently,  and  a  great  many  times  within  the  last  three  or  four 
years,  to  ascertain  that  the  cause  of  weakness  in  a  great  many  metals 
and  alloys  was  from  defective  annealing  and  not  from  defect  in  the  metal. 
This  is  very  especially  so  when  sulphuric  acid  is  used  to  clean  the  metal, 
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as  it  very  frequently  is.  It  is  sometimes  a  dangerous  thing  to  use  acids 
to  clean  small  pieces  if  they  are  left  any  length  of  time  in  the  bath  and 
are  not  subsequently  put  through  the  fire.  I  should  like  to  have  the 
attention  of  the  Society  drawn  to  the  fact  that  a  great  many  of  the  anneal- 
ing furnaces  used  are  worse  than  useless  ;  that  in  a  great  many  instances 
the  metal  is  weaker  after  improper  annealing  than  if  it  was  not  annealed 
at  all.  I  had  occasion  recently  to  examine  a  very  large  manufactory, 
where  they  were  making  alloys  and  annealing  at  such  a  high  temperature 
that  the  metal  was  so  "fatigued"  that  there  was,  in  some  cases,  a  com- 
mencement of  a  separation  of  the  component  parts  of  the  alloy.  I  can 
also  confirm,  from  my  professional  experience,  Mr.  CoUingwood's 
remark,  that  it  is  not  wise  and  is  sometimes  dangerous  to  heat  parts 
of  a  piece  red-hot,  leaving  other  parts  cold,  without  bringing  all  the 
piece  up  to  a  dull  red,  and  then  allowing  the  whole  to  cool  slowly. 
But  there  is  one  matter  that  has  been  insisted  upon,  which  Mr.  Col- 
lingwood  has  alluded  to  also,  that  I  do  not  understand — the  distinc- 
tion between  granulation  and  crystallization.  Granulation  and  crystalli- 
zation are  sj)oken  of  as  though  they  were  entirely  distinct.  I  don't  know 
of  any  granulation  that  is  not  crystallization,  and  I  would  like  to  ask  how 
the  distinction  between  the  two  is  made. 

G.  LiNDENTHAL,  M.  Am.  Soc.  C.  E. — The  distinction  between  granu- 
lated and  crystallized  iron,  as  I  conceive  it,  is  that  the  fracture  of  the 
former  shows  no  defined  crystals,  but  shiny,  rounded,  irregular  grains  of 
iron  in  an  amorphous  state  ;  such  they  appear  even  to  be  under  the  mag- 
nifying glass.  The  fracture  of  cast-iron  has  generally  such  granulated 
appearance.  Perfect  fibrous  iron,  or  steel,  whose  texture  has  been  dis- 
integrated by  some  cause  (other  than  sufficient  heat  to  soften  the  metal) 
will  exhibit  a  granulated  fracture,  in  contradistinction  to  a  fibrous  or 
crystallized  or  homogeneous  fracture.  A  perfect  fibrous  bar  bent  rapidly 
in  diflerent  directions  will,  on  breaking,  show  a  granulated  fracture  simi- 
lar to  cast-iron  ;  but  I  never  could  discover  any  crystals  in  such  frac- 
tures, and  I  cannot  possibly  conceive  of  a  cause  that  would  produce 
crystals  in  a  cold,  rigid  body,  whether  iron  or  anything  else,  in  so  short 
a  time,  without  softening  of  the  metal.  In  crystallized  iron  there  is  an 
absence  of  a  fibrous  texture.  Cast-iron  is  equally  strong  in  every  direc- 
tion ;  fibrous  iron  is  strongest  in  the  direction  of  the  fibre,  while  crystal- 
lized iron  is  of  uncertain  strength  in  any  direction.  If  you  bend  a  fibrous 
bar  of  iron  rapidly  in  different  directions  until  it  breaks,  a  granulated 
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fracture  will  be  exhibited,  but  no  crystals  or  such  defined  shapes  deserv- 
ing that  name. 

T.  Eglestox,  M.  Am.  Soc.  C.  E.— Every  piece  of  fibrous  iron  that 
I  have  ever  examined  with  a  microscope  was  crystallized  in  the  ends, 
and  it  was  simply  the  drawing  out  of  the  crystals  that  made  the  fibres 
appear.  I  have  never  seen  a  fracture  of  cast  or  wrought-iron  that  did 
not  show  crystalline  faces. 

G.  LiNDENTH.^L,  M.  Am.  Soc.  C.  E.— Well,  then,  it  all  hinges  upon 
the  fact  that  granulated  iron  can  be  got  more  likely  by  taking  any 
ordinary  bar  that  you  are  certain  is  of  a  fibrous  texture  and  bending  it 
rapidly  until  it  breaks.  If  that  operation  produced  crystals,  it  would 
settle  the  fact  in  that  way  ;  if  it  did  not,  it  would  settle  the  fact  the 
other  way. 

T.  Egleston,  M.  Am.  Soc.  C.  E. — I  do  not  think  that  any  operation 
of  bending  would  ever  produce  any  but  crystalline  faces.  Those  faces 
may  be  flat,  concave  or  convex.  I  understand  that  a  distinction  is  desired 
to  be  made  between  the  flat,  concave  and  convex  surfaces;  that  the  flat 
are  called  crystalline,  and  tlie  concave  and  convex  granular.  I  have 
never  seen  fibrous  iron,  and  do  not  believe  any  exists.  All  the  fibres  I 
have  ever  seen  were  an  arrangement  of  crystalline  faces.  The  appear- 
ance of  fibre  is  always  confined  to  a  part  of  the  broken  end.  It  is  a  very 
notable  fact  that  if  almost  any  iron  which  assumes  a  definite  structure 
be  placed  in  a  tube,  heated,  and  chlorine  passed  over  it,  chloride  of  iron 
will  be  carried  off,  leaving  a  piece  of  exactly  the  same  shape,  but  ex- 
ceedingly light  and  porous,  which  is  composed  of  the  slag  not  removed  in 
the  manufacture  of  the  iron.  When  this  slag  is  large  in  amount,  it  some- 
times affects  the  appearance  of  the  fracture  of  the  metal,  as  do  all  impuri- 
ties which  change  both  the  texture  and  color.  There  is  hardly  any  weld 
iron  that  does  not  contain  a  very  perceptible  amount  of  slag. 

A  Member, — I  would  like  to  ask  one  question.  Were  the  pins  which 
■were  found  to  be  broken  prepared  in  conformity  to  a  scientific  formula  ? 

G.  LiNDENTHA.ii,  M.  Am.  Soc.  C.  E. — The  bridge  was  built  in  1845, 
when  the  art  of  iron  bridge  building  was  in  its  infancy.  3-inch 
pins  were  taken,  probably,  because  they  were  thought  to  be  strong 
enough.  I  could  not  discover  by  what  formula  they  were  proportioned. 
They  were  bent,  that  is  all  I  can  say.  Two  of  them  were  partly  broken 
through  flaws.  How  the  bridge  ever  stood  up  with  such  pins  I  can't 
say,  unless  it  was  by  sheer  force  of  habit. 
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T.  Egleston,  M.  Am.  Soc.  C.  E.— You  spoke  of  flaws  in  the  pins. 
How  were  they  apparent  ? 

G.  LiNDENTHAL,  M.  Am.  Soc.  C.  E.— In  different  ways.  One  pin 
that  I  had  bent  to  test  the  iron  broke  through  a  plugged  hole,  about 
J  inch  diameter  and  |  inch  deep  in  the  middle  of  the  pin.  Perhaps 
some  old  iron  that  was  taken  had  a  hole  in  it,  and  it  had  been  plugged 
up  with  a  steel  plug. 

Mr.  Egleston. — I  understood  you  to  say  that  the  fractures  in  the 
pin  were  old  flaws. 

Mr.  LiNDENTHAL.— Yes.  The  two  pins  that  were  found  broken  in 
the  bridge  contained  flaws.     You  could  see  them  in  the  fracture. 

Mr.  Egleston. — Was  there  a  rubbing  where  the  break  commenced  ? 
If  there  was,  this  would  seem  to  indicate  that  the  fracture  had  commenced 
in  a  flaw,  and  been  gradually  propagated  across  the  pin. 

Mr.  LiNDENTHAL. — No  ;  the  fracture  was  square  through  the  pin.  It 
was  not  in  any  way  a  fracture  produced  by  the  separation  of  the  fibre 
of  the  iron.  It  was  a  fracture  clear  through  the  pin,  showing  undoubt- 
edly and  clearly  that  there  was  a  flaw. 

I  wish  further  to  remark,  that  if  the  pins  had  been  proportioned  for 
a  20  000  pound  extreme  fibre -strain  per  square  inch,  which  is  about 
the  highest  limit  taken  to-day,  the  pins  would  have  to  be  about  5f 
inches  in  diameter.  All  these  pins  to  which  I  have  referred  were  only 
3  inches  in  diameter.  There  is  little  wonder  they  were  all  found  to  be 
bent. 


The  illustrations  accompanying  this  paper  are  : 

Plate  XXI. — Elevation  and  Plan  of  the  Monongahela  Bridge,  show- 
ing also  the  lines  of  the  former  Suspension  Bridge. 

Plate  XXII. — View  of  the  two  Channel  Spans. 

Plate  XXIIL— The  Portal. 

Plate  XXIV. — Elevation  and  Plan  of  Channel  Spans. 

Plate  XXV. — Section  of  Floor  Construction  on  Channel  Spans. 

Fig.  l.-Cut  of  Steel  Testing  Bar. 

Fig.  2. —Cut  showing  Connections  of  Cable  of  former  Suspension 
Bridge. 
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I. — Description  of  Locality  and  History  of  the  Work  previous  to 
THE  Time  of  Commencing  the  Building  of  the  Dyke. 

The  Falls  of  St.  Anthony  are  on  the  Mississippi  River,  about  2  000 
miles  above  its  mouth .  The  thriving  city  of  Minneapolis,  Minnesota, 
occupies  both  banks  of  the  river  in  the  vicinity  of  the  falls,  and  the  pros- 
perity of  the  city  is  due  to  the  great  water  povs^er,  so  easily  utilized,  fur- 
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nished  by  the  river  falling  40  feet.  The  river-bed  and  banks  at  the  crest 
of  the  falls  are  of  limestone  belonging  to  the  upper  magnesian. 

Under  the  bed  of  the  river  at  the  crest  the  thickness  of  the  limestone 
is  only  11  feet. 

Under  the  limestone  is  a  soft  sandstone  called  the  St.  Peter,  so  soft 
as  to  be  easily  excavated  with  a  pick.  The  recession  of  the  falls  up 
stream  before  any  protecting  apron  was  constructed  was  quite  rapid,  and 
especially  so  when  the  owners  of  the  water  power  built  dams  jutting  out 
into  the  river  above  the  falls  and  concentrated  its  whole  flow  into  a  width 
of  not  more  than  300  feet.  This  stream  of  water  washed  out  the  soft 
sandstone  under  the  limestone,  and  the  latter  fell  down  and  was  soon 
disintegrated  by  the  rushing  waters  and  carried  away,  and  fresh  under- 
mining commenced.  At  the  Falls  of  St.  Anthony  the  river  is  divided 
into  two  channels  by  Hennepin  Island.  The  east  channel  is  entirely 
closed  by  dams,  and  the  whole  flow  of  the  river,  except  what  goes  through 
the  turbine  or  other  wheels,  passes  over  the  main  falls.  The  ordinary  high 
water  discharge  of  the  river  is  about  50  000  cubic  feet  per  second,  and  at 
extreme  low  water  about  4  200  cubic  feet  per  second. 

By  the  building  of  dams  the  fall  of  river  is  increased  to  50  feet.  The 
limestone  forming  the  bed  of  river  only  extends  up  stream  some  900  feet 
above  the  crest  of  the  falls,  and  at  its  rtpper  edge  is  only  18  inches  thick. 

The  recession  of  the  falls  from  the  time  of  the  construction  of  the 
mill  dams  (1857)  to  1870  was  from  350  to  600  feet.  The  part  that  re- 
ceded 600  feet  was  in  the  middle  of  the  falls,  in  the  west  or  main  channel. 

In  1866  an  apron  of  wood  was  commenced  but  not  finished,  and  what 
was  built  was  almost  destroyed  the  succeeding  spring.  Another  attempt 
in  1869  to  construct  an  apron  was  interrupted  by  an  unseasonable  high 
water. 

In  September,  1868,  a  company  known  as  the  Tunnel  Company  com- 
menced the  excavation  of  a  tunnel  from  a  point  near  the  foot  of  Henne- 
pin Island,  up  under  that  island  and  up  to  a  point  under  the  next  island 
above,  called  Nicollet  Island.  The  tunnel  was  designed  as  a  tail  race  for 
the  water  that  was  to  be  used  in  turning  the  machinery  of  manufactories 
to  be  built  on  the  lower  end  of  Nicollet  Island.  On  the  4th  of  October, 
1869,  this  tunnel  was  excavated  just  to  the  foot  of  Nicollet  Island  (see 
accompanying  map,  Plate  XXVI).  Here  the  water  rushed  into  the  tunnel 
from  the  river  above,  and  soon  the  tunnel  was  filled  with  a  great  stream 
of  water  that  rapidly  enlarged  it  from  its  excavated  size,  6x6  feet,  to 
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widths  varying  from  10  to  over  100  feet  and  to  a  depth  16  feet  below  the 
lime  rock. 

After  much  difficulty,  and  after  using  several  devices,  such  as  sinking 
timber  rafts  over  the  cavity  in  the  lime  rock  through  which  the  water 
rushed  (see  plate),  the  citizens  succeeded  in  surrounding  the  opening 
with  a  coffer-dam. 

October  20th  a  large  mass  of  the  limestone  forming  the  bottom  of  the 
river  between  Nicollet  and  Hennepin  Islands  (see  the  plate)  fell  into  the 
washed-out  cavern  below,  and  again  the  waters  of  the  Mississippi  rushed 
through  the  tunnel,  and  were  only  stopped  by  a  coffer-dam  built  around 
this  second  break. 

An  attempt  to  close  the  tunnel  Just  below  this  break  during  the  win- 
ter, by  building  a  bulkhead  of  timber  made  water-tight  with  clay  and  straw,  • 
and  puddling  the  bottom  of  the  cavity  above,  was  made,  but  the  high 
Avater  of  the  spring  following  partly  destroyed  the  coffer-dams,  and  the 
water  washed  out  the  sand  rock  at  both  ends  of  the  bulkhead  and  soon 
destroyed  it,  and  at  the  lower  end  of  the  tunnel  the  undermining  was  so 
great  as  to  destroy  several  buildings  on  the  lower  end  of  Hennepin  Is- 
land. The  next  attempt  to  close  this  break  was  to  fill  it  with  a  crib- 
work  of  logs  and  cover  it  with  a  water-tight  covering.  This  was  effective 
during  the  season  of  1870. 

The  eminent  hydraulic  engineer,  Mr.  James  B.  Francis,  was  em- 
ployed in  May,  1870,  to  make  a  plan  for  the  preservation  of  the  Falls  of 
St.  Anthony.  He  recommended — 1st,  that  a  substantial  apron  should  be 
immediately  constructed  to  prevent  the  farther  recession  of  the  falls. 

2d.  To  protect  the  already  thin  layer  of  limestone  that  formed  the 
bed  of  the  river  at  the  crest  of  the  falls  from  the  effect  of  frost  and  ice, 
that  two  low  dams  should  be  constructed  just  above  the  falls  to  keep 
this  bed  rock  always  covered  with  water  below  the  action  of  frost  ;  and 

3d.  That  the  tunnel  should  be  uncovered  from  the  upper  end  of  Hen- 
nepin Island  for  about  400  feet  below,  all  debris  cleared  out  of  it,  and  the 
entire  cavity  filled  partly  with  masonry,  but  chiefly  with  a  puddle  of  clay 
and  gravel. 

The  cities  of  Minneapolis  and  St.  Anthony  and  the  Water  Power 
Company  commenced  work  on  the  present  apron  in  July,  1870.  By  act 
approved  July  11,  1870,  Congress  made  an  appropriation  of  S50  000  for 
the  preservation  of  the  Falls  of  St.  Anthony.  The  work  was  placed  in 
charge  of  Col.  J.  N.  Macomb..  Corps  of  Engineers,  U.  S.  Army.     The 
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local  Superintendent  of  the  work  was  Mr.  Franklin  Cook.     Operations 
were  commenced  August  9tli,  1870.     The  plan  adopted  was  as  follows  : 

To  clean  out  the  first  break  and  fill  it  with  cross  walls  of  masonry, 
and  good  clay  puddle  up  to  the  top  of  the  limestone. 

Then  to  build  a  masonry  wall  on  the  limestone  from  Nicollet  Island, 
above  the  cavity  and  out  around  it,  thence  down  parallel  with  the  west 
bank  of  Nicollet  Island  to  surround  the  second  break,  and  then  to  the 
lower  point  of  Nicollet  Island.  This  wail  to  be  built  to  above  high  water 
and  the  space  between  it  and  Nicollet  Island  to  be  filled  with  gravel. 
Great  trouble  was  experienced  in  cleaning  out  the  upper  cavity  on 
account  of  the  water  coming  through  the  soft  layers  of  sand  rock  near 
its  bottom  from  the  river. 

The  earthen  embankment  (shown  on  the  plate)  in  the  main  river  was 
made  to  fill  up  holes  in  the  river  bed,  from  which  it  was  supposed  the 
water  came.  By  act  approved  March  3d,  1871,  .^50  000  was  appropriated 
for  this  work.  On  July  4th,  1871,  before  the  wall  was  built,  a  new  break 
occurred. 

This  was  from  a  break  through  the  limestone  (marked  on  the  plate)  in 
the  St.  Anthony  mill  pond,  and  under  the  limestone  to  the  main  tunnel, 
just  under  the  foot  of  Nicollet  Island.  This  new  channel  or  break  was 
under  the  limestone,  12  to  16  feet  wide,  and  about  16  feet  high.  Before 
the  water  could  be  shut  out  from  this  break  the  lower  end  of  the  tunnel 
became  choked  with  debris,  and  a  new  mouth  to  the  tunnel  was  made 
emerging  into  the  river,  just  below  the  eastern  end  of  the  falls  of  the 
main  river.  This  is  known  as  the  west  branch  of  the  tunnel.  To  cut 
the  water  of  the  river  off  from  this  last  break,  a  dam  was  constructed 
from  the  head  of  Nicollet  Island  to  the  left  bank  of  the  river,  and  as  soon 
as  this  was  done  a  coffer-dam  was  built  out  from  Nicollet  Island,  sur- 
rounding the  break,  and  joining  on  the  coffer-dam  built  to  protect  the 
lower  break. 

This  last  incursion  of  the  river  thoroughly  alarmed  the  citizens  of 
Minneapolis,  and  active  efforts  were  at  once  made  to  do  something  to 
secure  the  falls,  that  seemed  to  be  doomed  to  destruction. 

But  it  will  be  seen  that  the  thought  of  still  utilizing  the  unfortunate 
tunnel  as  a  tail-race  governed  the  minds  of  those  directing  the  work  for 
the  preserving  of  the  falls. 

By  September  1st  $90000  was  secured,  and  the  following  plan  carried 
out  to  prevent  any  enlargement  of  the  now  too  large  tunnel: 


397 

'*  First,  all  loose  materials  in  the  tunnel  were  removed;  commenc- 
ing at  the  lower  end  of  the  west  branch,  the  sides  of  the  tunnel  cut  per- 
pendicular, and  the  bottom  excavated  to  the  level  of  the  level  of  the 
deepest  part.  The  bottom  was  then  covered  with  a  layer  of  broken 
stone,  on  which  a  grouting  of  cement  was  poured.  On  this  layer  cross 
timbers  10'' Xl2'' were  laid,  and  on  their  ends  posts  of  the  .same  cross 
section  were  put,  extending  to  the  limestone  overhead  and  wedged  to  it. 
These  uprights  were  30  inches  from  the  vertical  sides  of  the  tunnel. 

* '  To  prevent  these  uprights  from  being  pushed  in,  struts  were  put 
across  at  their  middles  and  tops. 

"  Outside  of  the  uprights  4-inch  planks  were  placed,  and  between  the 
plankings  and  the  sides  of  the  tunnel  a  filling  of  broken  stone  and  grout, 
put  in  in  layers  of  8  to  10  inches  in  depth,  was  placed. 

"  The  upper  layers  were  of  brick,  laid  in  cement  mortar  and  carefully 
connected  with  the  limestone.  Between  the  sills  layers  of  broken  stone 
and  grout  were  put,  until  the  upper  surface  of  the  sills  was  reached.  On 
the  sills  were  spiked  a  flooring  of  4-inch  plank,  and  on  this  again  were 
put  cross  timbers  10"xl2",  joined  into  the  side  posts,  to  resist  any  up- 
ward pressure  from  below." 

By  August,  1872,  800  feet  of  this  lining  were  completed,  and  a  timber 
bulkhead  put  across  the  tunnel  at  1  400  feet  from  its  lower  end.  This 
work  was  carried  on  by  means  furnished  by  the  people  of  Minne- 
apolis. 

In  the  meantime  the  funds  appropriated  by  Congress  were  being  used 
in  clearing  out  the  last  break  (in  St.  Anthony  mill-pond)  and  in  building 
a  cross  wall  just  below  the  break,  with  wings  extending  from  the  bottom 
of  the  cavity  to  the  limestone  rock,  and  in  putting  a  layer  of  clay  pud- 
dling on  the  sand  bottom  of  the  river,  just  above  where  the  lime  ended. 
This  work  on  the  east  side  of  Nicollet  Island  was  then  turned  over  to  the 
Citizens'  Committee,  who  filled  the  cavity  in  St.  Anthony  mill-pond  with 
gravel,  and  on  this  filling  put  a  flooring  of  timber.  At  the  same  time 
the  wall  across  the  first  break  was  completed. 

By  act  approved  June  10th,  1872,  Congress  appropriated  ^50000 
to  carry  on  this  work. 

On  August  10th,  1872,  the  Board  of  Officers  of  the  Corps  of  Engineers 
TJ.  S.  Army,  consisting  of  Col.  J.  N.  Macomb,  Lieut. -Col.  J.  D.  Kurtz, 
Major  G.  Weitzel,  Major  O.  M.  Poe  and  Major  D.  C.  Houston,  met  at 
Minneapolis  to  consider  and  report  upon  the  whole  subject  of  the  pres- 
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ervation  of  the  Falls  of  St.  Anthony  and  the  works  then  in  progress 
therefor. 

The  Board  approved  the  plan  proposed  by  Col.  J.  N.  Macomb,  viz.  : 
to  commence  a  wall  at  the  southerly  side  of  the  main  wall  already  built, 
and  carry  it  across  the  entire  width  of  the  river,  near  the  head  of  the 
limestone  ledge,  commencing  the  foundation  at  the  hard  stratum  14  feet 
below  the  bottom  of  the  ledge,  bringing  it  up  even  with  the  top  of  the 
ledge  and  joining  it  on  to  the  same,  filling  all  places  above  this  wall  where 
the  sand  rock  had  been  washed  out  with  puddle  and  rip- rap.  But  the 
plan  involving  a  cost  far  in  excess  of  the  funds  available,  the  Board 
recommended  that  the  appropriation  be  expended  in  strengthening,  as 
far  as  necessary,  the  coffer-dams  already  built  around  the  gorge,  and  in 
continuing  the  lining  of  the  tunnel  on  the  plan  already  adopted.  The 
Board  further  recommended  that  ^37  500  of  the  appropriation  be  applied, 
in  accordance  with  a  petition  of  the  citizens  of  Minneapolis,  to  the  com- 
pletion of  the  lining  and  building  a  masonry  bulkhead  at  the  head  of 
the  tunnel,  and  that  the  balance  of  the  appropriation  be  expended  under 
the  direction  of  the  engineer  officer  in  charge  of  the  works  constructed 
by  the  United  States  in  maintaining  and  strengthening  them  as  far  as 
found  necessary. 

Early  in  September  Capt.  W.  H.  Benyaurd,  Corps  of  Engineers,  took 
local  charge  of  the  work,  under  orders  from  Col.  J.  N.  Macomb. 

Work  on  the  extension  of  the  lining  was  commenced  October  3d, 
1872,  and  had  progressed  but  a  very  short  distance  when  an  increase  of 
the  amount  of  water  coming  into  the  tunnel  from  above  was  noted,  and 
it  was  thought  best  to  at  once  construct  the  bulkhead.  This  bulkhead 
was  built  of  limestone  masonry  28  feet  in  thickness,  and  had  two  open- 
ings through  it,  provided  with  fly-gates  to  carry  off  water  from  above 
and  the  lining  was  extended  above  the  bulkhead  for  100  feet.  Funds 
being  exhausted,  work  was  suspended  February  16th,  1873. 

By  act  approved  March  3d,  1873,  Congress  appropriated  $50  000. 

In  the  latter  part  of  March  work  was  resumed  with  a  small  force  in 
raising  and  strengthening  the  coffer-dams,  and  everything  was  thought 
secure,  when,  on  April  15th,  the  coffer-dam  on  the  east  side  of  the  lower 
break  was  pushed  in,  and  through  a  gap  150  feet  the  water  poured  into- 
the  space  surrounded  by  the  coffer-dams. 

The  entire  space  was  flooded,  and  one  workman  was  drowned.    Means 
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were  at  once  taken  to  close  the  break  and  to  strengthen  the  other  dams 
and  the  earth  embankment. 

The  writer  relieved  Col.  J.  N.  Macomb  April  25th,  1873,  Assistant 
Engineer  James  P.  Allen  being  in  local  charge  from  that  date  until  May 
17th,  when,  at  his  own  request,  he  was  relieved,  and  Assistant  J.  L. 
Gillespie  was  put  in  charge,  and  continued  in  that  position  until  the 
completion  of  the  work. 

When  the  coffer-dams  were  repaired  and  the  water  drawn  off,  it  was 
found  that  the  masonry  bulkhead  had  been  undermined  and  destroyed. 

On  May  17th  a  fresh  break  occurred  in  limestone  ledge  under  the 
earth  embankment  (marked  on  the  plate),  the  water  from  it  finding  its 
way  to  the  lower  break  through  a  new  channel  under  the  limestone. 

The  flow  of  water  through  the  tunnel  was  limited  to  that  which  could 
pass  through  an  opening  4:'x2'  in  the  wooden  bulkhead  put  in  at  the 
time  the  citizens  constructed  the  lining.  Until  the  river  had  subsided 
somewhat,  the  work  of  repairing  and  strengthening  the  coffer-dams  and 
in  protecting  the  outer  face  of  the  earth  embankment  was  carried  on. 
Then  the  tunnel  was  drained  and  a  timber  bulkhead,  with  the  interstices 
filled  with  concrete,  was  built,  with  its  lower  face  under  the  shaft  some 
250  feet  below  the  lower  breach.  Through  it  and  the  tunnel  above  to 
the  upper  end  of  the  break,  at  foot  of  Nicollet  Island,  a  36-inch  cast-iron 
pipe  was  laid,  and  the  tunnel  for  the  same  distance  filled  with  carefully 
rammed  gravel.  In  addition,  several  concrete  cross  walls  were  built 
across  the  bottom  of  the  tunnel,  extending  4  feet  below  its  bottom,  to 
prevent  any  undermining.  This  work  was  completed  November  29th, 
1873,  and  the  valve  in  the  pipe  at  the  lower  face  of  the  bulkhead  was 
closed.  The  bulkhead  proved  water-tight,  but  an  alarming  increase  of 
water,  flowing  through  a  7-inch  pipe  at  the  junction  of  the  west  branch 
with  the  main  tunnel,  convinced  those  in  charge  of  the  work  that  this 
water  came  from  above  the  bulkhead,  through  a  passage  outside  of  the 
lining  of  the  tunnel. 

Some  careful  observations  showed  also  that  there  must  be  some  large 
cavities  along  this  outside  channel.  The  valve  at  the  bulkhead  was 
opened  and  the  space  inclosed  by  the  coffer-dams  drained. 

The  pipe  through  which  the  water  came  into  the  main  tunnel  was 
put  in  by  the  workmen  in  lining  the  tunnel,  and  when  the  United  States 
assumed  charge  of  the  work  its  mouth  was  covered  with  sand,  and  as  no 
record  had  been  kept  of  the  position  of  the  pipes  through  which  water 
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was  admitted  into  the  tunnel,  its  existence  was  not  known  until  after  the 
valve  was  closed.  As  the  funds  were  almost  exhausted,  the  citizens  of 
Minneapolis  subscribed  and  placed  in  the  writer's  hand  for  disburse- 
ment the  sum  of  $17  157.50,  to  be  expended  in  attempting  to  cut  off  the 
connection  believed  to  exist  between  the  channel  from  the  break  in  St. 
Anthony  mill-pond  to  the  lower  break,  and  the  channel  to  the  pipe  below 
the  bulkhead.  This  was  done  by  cutting  down  on  the  lower  side  of  the 
first  channel  to  16  feet  below  the  limestone  and  putting  in  a  12-inch 
drain-pipe  from  the  break  in  St.  Anthony  mill-pond  to  the  lower  break  ; 
this  reduced  the  flow  from  the  pipe  from  230  gallons  to  80  gallons  per 
minute. 

The  lower  half  of  the  west  channel  from  the  west  break  to  lower 
break  was  cleaned  out,  a  drain-pipe  put  in  and  filled  with  gravel. 

Being  convinced  that  the  sandstone  under  the  limestone  was  traversed 
by  many  threads  of  water  which  might  enlarge,  and  then  the  limestone 
be  undermined  as  before  and  the  falls  destroyed,  and  finding  from 
borings  that  the  first  hard  stratum  of  the  sand  rock  was  some  38  feet 
below  the  limestone,  the  writer  submitted  a  plan  for  constructing  a  wall 
or  dyke  entirely  across  the  river,  extending  from  the  limestone  down  to 
the  hard  stratum,  which  would  completely  cut  off  the  flow  of  water  from 
the  river  above  through  the  soft  sand  rock  under  the  limestone  to  the 
river  below. 

On  April  15th,  1874,  a  board  of  engineers,  consisting  of  the  same 
officers  as  the  previous  one,  except  that  the  writer  was  substitued  for 
Major  Houston,  met  in  Minneapolis  to  consider  the  subject  of  the  preser- 
vation of  the  Falls  of  St.  Anthony. 

The  board,  after  carefully  considering  the  circumstances  existing  at 
the  time  of  their  meeting,  recommended  that  the  following  plan  be 
carried  out  to  preserve  the  falls  : 

1st.  That  two  dams  of  timber  and  stone  should  be  constructed  on 
the  limestone  ledge  above  the  crest  of  the  falls,  one  whose  lower  face 
should  be  on  the  prolongation  of  the  main  slope  of  the  wooden  apron 
protecting  the  soft  rock  below  the  falls,  and  the  other  about  half-way  up 
stream  between  the  lower  dam  and  the  upper  extremity  of  the  limestone 
on  the  bottom  of  the  river.  These  dams  should  be  high  enough  to 
protect  the  limestone  from  the  action  of  frost. 

2d.  The  apron  at  the  falls  be  put  in  thorough  repair  and  extended 
down  stream  on  the  west  side  of  Hennepin  Islani. 
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3d.  The  construction  of  a  concrete  dyke  or  wall  extending  from  one 
T3ank  of  the  river,  whose  bottom  should  be  on  the  hard  stratum,  some 
38  feet  below  the  limestone  ledge  and  its  top  just  under  and  connected 
with  the  same.  The  line  of  the  dyke  to  be  not  nearer  at  any  point  to 
the  falls  than  160  feet.     The  least  thickness  of  the  wall  to  be  4  feet. 

In  addition,  the  board  recommended  that  the  dyke  recommended  by 
the  board  of  1872  should  be  constructed  after  the  other  was  finished,  and 
that  the  lower  dyke  was  recommended  because  of  the  less  difficulties  in 
the  way  of  its  construction,  and  because  of  the  necessity  of  more  speedy 
work  being  done.  By  act  approved  June  23d,  1870,  Congress  appro- 
priated ^125  000  to  commence  this  work,  and  the  writer  received  orders 
to  carry  out  the  above  recommendations  of  the  board. 

II. 

histoey  of  the  work  of  construcjing  the  concrete  dlke  for  the 
Preservation  of  the  Falls  of  St.  Anthony. 

The  work  of  sinking  a  shaft  through  the  limestone  ledge  was  com- 
menced July  9th,  1874.  The  shaft  was  located  on  Hennepin  Island  (see 
Plate  XXVI)  over  the  line  of  the  tunnel  beneath,  below  the  outlet  of 
ihe  west  branch.  At  a  depth  of  30  feet  below  the  surface  the  under 
side  of  the  limestone  was  reached. 

A  good  deal  of  water  coming  in  from  the  seams  in  the  rock,  the  shaft 
through  the  limestone  was  lined  with  concrete  and  timber.  The  shaft 
had  a  horizontal  section  in  the  clear  of  14  by  16  feet,  which  was  divided 
into  two  parts,  one  of  which  was  used  for  hoisting  purposes,  and  the 
other  for  a  stairway  for  men  and  for  the  pump  shafting.  The  shaft 
through  the  limestone  was  completed  August  28th. 

In  order  to  secure  drainage  and  an  outlet  for  the  water  to  be  raised 
by  the  pumps  as  the  work  progressed,  a  drift  4  by  8  feet  was  excavated 
just  below  the  limestone  in  the  sand  rock,  on  the  line  of  the  j)roposed 
wall,  to  the  west  branch  of  the  tunnel. 

A  42-inch  turbine  wheel,  of  a  pattern  known  as  the  American,  was 
set  up  at  the  mouth  of  the  west  branch  of  the  tunnel,  and  a  flume 
carried  to  it  from  Farnham  &  Lovejoy's  pond.  The  power  was  trans- 
mitted to  the  shaft  by  means  of  wire  rope  running  on  sheaves  14  feet  in 
•diameter. 

Centrifugal  pumps,  with  vertical  axes,  set  in  portable  wooden  frames, 
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were  used  to  pump  out  the  water,  the  pumps  being  lowered  as  the  work 
of  sinking  the  shaft  progressed.  The  progress  through  the  quicksand 
in  the  bottom  of  the  tunnel,  about  25  feet  deep,  was  very  slow.  Streams 
of  water  were  met  with  as  the  excavation  was  carried  downwards,  but 
generally  as  new  streams  developed  those  above  them  ceased  flowing. 
"When  streams  were  found  in  the  sand  rock,  excavations  in  the  side  of 
the  shaft  were  made  and  iron  pipes  inserted  to  carry  the  water,  and  the 
excavation  filled  with  puddling  and  beton.  When  the  shaft  was  carried 
to  a  depth  of  45  feet  below  the  lime-rock  it  was  lined  with  brick,  backed 
and  bottomed  with  beton,  and  when  the  beton  had  thoroughly  set  the 
pipes  above  mentioned  were  all  plugged  up.  Two  centrifugal  pumps 
were  then  set  in  permanent  positions.  As  soon  as  the  pumps  were 
ready  and  the  hoisting  machinery,  tracks,  &c.,  in  readiness,  headings  to 
the  east  and  west  of  the  shaft,  on  the  line  of  the  proposed  dyke,  were 
commenced.  The  bottoms  of  these  headings  were  39  feet  below  the 
limestone,  and  the  size  about  4  feet  wide  by  8  feet  high. 

The  first  plan  pursued  was  to  simultaneously  drive  two  headings,  one 
at  the  bottom  of  the  proposed  wall  and  one  just  under  the  limestone, 
each  about  100  feet  long,  laying  the  foundation  of  the  dyke  as  the  lower 
excavation  progressed. 

In  the  foundation  a  12-inch  drain-pipe  was  laid.  Then  the  sand  rock 
between  the  upper  and  lower  drifts  was  excavated  and  the  wall  built  up 
to  the  level  of  the  upper  heading.  An  arched  passageway  3^  feet  wide 
and  7  feet  high  was  left  in  the  wall  just  above  its  foundation. 

The  side  walls  of  this  passage  were  18  inches  thick.  At  intervals  the 
passage  was  widened  to  7  feet  to  allow  a  double  track.  This  plan  of 
operations  was  soon  modified,  as  a  great  deal  of  timbering  was  necessary 
to  hold  up  the  sand  rock  in  the  lower  heading. 

It  was  found  better  to  make  a  heading  the  entire  height  of  the  wall, 
in  sections  of  about  30  feet  in  length.  As  far  as  practicable  the  sand 
rock  excavated  was  brought  out  on  the  upper  passage  to  where  the  dyke 
crossed  the  west  branch  of  the  tunnel,  and  thence  to  the  mouth  of 
the  west  branch,  where  it  was  dumped  into  a  flume  that  carried  it  to 
the  river.  Each  section  of  the  wall,  as  built,  had  its  outer  end  in  an 
inclined  plane,  up  which  the  excavated  material  from  beyond  was  hauled 
to  the  upper  passage.  At  intervals  vertical  shafts  between  the  upper 
and  lower  passages  were  made  in  the  wall  and  sumps  for  collecting  sand 
brought  in  by  the  streams  of  water  and  from  the  excavations  at  headings. 


FALLS   OF  ST.  ANTHONY, 


June   1878 


o 


403 

The  concrete  for  the  wall  was  mixed  at  the  head  of  the  shaft  in  an 
automatic  or  box  mixer,  and  that  for  the  foundation  and  side  walls  was 
lowered  to  the  bottom  of  the  shaft  and  taken  through  the  passage  in  the 
completed  wail  to  the  heading. 

As  soon  as  the  side  walls  and  the  centres  for  the  arch  were  in  place, 
the  concrete  was  taken  along  the  upper  track  and  dropped.  The  con- 
crete was  well  rammed  in  layers  of  about  6  inches  in  thickness.  As 
the  work  progressed  it  was  found  difficult  to  keep  the  12-incli  drain- 
pipes clear  of  sand,  so  an  open  drain  was  substituted.  Whenever 
streams  of  water  were  met,  iron  pipes  were  inserted  in  the  sides  of  the 
excavation  and  the  water  led  to  the  drain.  As  soon  as  the  concrete  was 
thoroughly  set  and  the  wall  carried  a  sufficient  distance  beyond  the  pipe, 
it  was  plugged . 

Frequent  tests  of  the  temperature  of  the  water  entering  the  headings 
were  made,  and  generally  the  temperature  of  the  water  from  the  up-steam 
side  was  about  51°  F.,  and  that  of  the  streams  from  the  down-stream 
side  pipes  were  nearly  the  temperature  of  the  river  water.  As  a  rule, 
the  amount  of  water  entering  the  t:xcavation  was  easily  pumped  out  by 
one  No.  6  Heald  and  Cisco  pump,  and  amounted  to  about  700  gallons  per 
minute.  The  difficulties  that  were  encountered  all  resulted  from  water 
coming  in  from  the  river  above,  through  some  fissures  in  the  rock. 
When  such  incursions  of  water  came  a  great  deal  of  sand  came  with 
them,  and  in  some  cases  filled  the  drains  and  choked  the  pumps.  On 
April  9th,  1875,  the  river  rose  suddenly  and  a  great  quantity  of  water 
came  over  the  dam  on  Hennepin  Island  and  poured  down  the  shaft, 
completely  flooding  the  work.  Fortunately  an  accident  to  the  turbine 
wheel  had  stopped  the  pumps,  so  no  men  were  below.  Immediately 
following  this,  the  coffer- dam  in  the  east  pond  broke  and  a  new  channel 
from  it  under  the  lime  rock  into  the  excavation  to  the  west  of  the  west 
branch  was  developed. 

This  new  channel  passed  under  the  main  tunnel,  and  it  was  only 
when  the  lining  of  the  tunnel  fell  in,  and  the  water  passed  along  the  lined 
tunnel  below,  that  a  great  danger  was  averted. 

The  coffer-dam  was  repaired,  and  the  new  channel  filled  with  well- 
rammed  gravel,  July  8th,  1875,  a  large  stream  of  water  was  encountered 
370  feet  west  of  the  shaft.  This  came  through  a  fissure  about  30  feet 
below  the  lime  rock. 

It  brought  in  a  great  quantity  of  sand,  which  caused  much  trouble. 
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A  search  in  the  old  washed-out  channels  on  the  west  side  of  Nicollet 
Island  revealed  the  source  of  the  trouble,  and  steps  were  taken  to  drain 
the  water  into  the  main  channel.  The  sand  brought  in  by  this  break 
was  so  great  a  quantity  as  to  take  18  days  of  day  and  night  work  to 
remove  it.  In  November,  1875,  the  east  branch  of  the  dyke  reached  its 
furthest  limit,  600  feet  from  the  shaft,  and  in  March,  1876,  the  west 
branch  was  completed  except  the  filling  of  the  upper  and  lower  passages, 
a  distance  of  1  275  feet  from  the  shaft.  Two  spurs  25  and  50  feet  from 
the  ends  of  the  wall  were  built  on  the  up-stream  side  of  the  wall,  and  a 
T  at  the  ends.  In  filling  the  lower  passage  in  the  wall,  a  pipe  leading 
from  the  upper  side  of  the  wall  was  carried  from  the  angle  in  the  dyke 
west  of  the  shaft  to  the  shaft,  and  thence  up  the  shaft. 

Another  pipe  was  brought  from  above  the  wall  at  the  shaft,  up  the 
same.  Holes  were  bored  in  these  pipes  1  foot  apart,  and  by  means  of 
glass  gauges  the  height  of  the  water  behind  the  dyke  was  measured. 

The  whole  wall  was  completed  in  December,  1876. 

Except  on  Sundays,  and  when  driven  out  by  water,  the  underground 
work  was  continuous  day  and  night,  by  gangs  of  men  relieving  each 
other  at  intervals  of  8  hours.  The  stone  for  the  concrete  was  quarried 
mostly  from  near  the  foot  of  Nicollet  Island,  from  the  bed  of  the  river, 
within  the  areas  enclosed  bv  coffer-dams. 

It  was  crushed  in  a  Blake  stone  crusher.  The  sand  came  from  street 
grading  work  in  East  Minneapolis. 

The  cement  used  was,  for  the  foundation  and  side  walls  of  lower  pas- 
sage, the  Black  Star  Louisville,  and  for  the  remainder  Utica,  111.,  and 
Buffalo  and  Ackron. 

As  it  was  some  distance  from  the  mixer  to  where  the  concrete  was 
placed,  a  slow-setting  cement  was  used.  The  proportions  used  were  by 
measure  1  part  of  cement,  2  parts  of  sand,  and  5  parts  stone.  The  water 
used  was  from  the  river.  In  the  winter  the  water  was  heated  by  steam. 
Fresh  air  was  supplied  to  the  headings  by  means  of  pipes  leading  from 
an  air  compressor  in  the  shaft-house.  When  the  distance  of  the  end  of 
the  west  heading  was  beyond  400  feet  from  the  shaft,  a  portable  engine 
supplied  with  steam  from  a  boiler  in  the  shaft-house  by  means  of  a  hose 
was  used  to  hoist  the  excavated  sand  to  the  level  of  the  upper  heading. 
The  exhaust  was  carried  down  into  the  drain-pipe,  and  no  inconvenience 
was  occasioned  by  the  escaping  steam. 
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The  cost  of  the  work  of  constnictirig  the  wall  was  as  follows  : 

Labor,  excavating  the  sand  rock,  per  cubic  yard .^3.06 

Labor,  quarrying,  delivering  and  crushing  stone  for  concrete,  per 

cubic  yard   1.48 

Labor,  mixing,  placing  and  ramming  concrete,  per  cubic  yard. . .      2.07 

Handling,  testing,  &c.,  cement 04 

Labor,  handling  sand 05 

Labor  about  machinery 1. 02 

Total  cost  of  labor $7. 72 

Cost  of  plant  used 1.77 

Office  expenses 1. 00 

Materials  (cement  and  sand) 3. 67 

Total,  per  cubic  yard  of  dyke $14. 16 

Total  number  of  cubic  yards  in  dyke 14.882 


Total  cost  of  dyke $210  729.00 


From  July,  1874,  to  July,  1875,  the  cofet  of  labor  was  $14  per  cubic 
yard  of  wall  built,  while  during  the  remainder  of  the  work  the  cost  of 
labor  was  less  than  $7  per  cubic  yard. 

This  difference  is  due  to  the  enormous  quantity  of  sand  removed  dur- 
ing the  first  year,  which  was  brought  into  the  excavation  by  the  incur- 
sions of  water  from  the  river  above,  and  also  that  all  the  cost  of  putting 
down  the  shaft  and  other  preparatory  work  was  in  the  same  period. 

III. — EoLLTNG  Dams  and  Apeons. 

In  accordance  with  the  plan  described  in  first  chapter,  two  rolling 
dams  of  timber  filled  with  stone  were  constructed  on  the  limestone  ledge 
in  the  main  river. 

The  lower  one  just  at  the  crest  of  the  falls  had  its  lower  face  on  the 
prolongation  of  the  main  slope  of  the  apron,  and  is  6^  feet  high  ;  the 
upper  one  is  5^  feet  high. 

Their  construction  was  very  simple,  and  presented  no  difficulties. 
They  were  built  at  a  low  water  period.  The  lower  timbers  were  bolted 
to  the  rock,  and  the  several  courses  of  timber  to  each  other.     The  cover- 
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ing  is  of  two  courses  of  pine  plank,  one  8  inches,  and  the  other  4  inches 
in  thickness. 

The  crest  of  the  dams  are  protected  with  tank  iron  I  inch  in  thick- 
ness. 

These  dams  were  built  under  contract,  and  cost  $24  957.29. 

In  order  to  prevent  the  concentration  of  the  water  pouring  over  the 
falls  in  the  small  space  of  300  feet,  the  west  slope  of  the  apron  was 
rebuilt  so  as  to  be  in  the  plane  of  the  main  slope.  This  required  the 
removal  of  a  large  quantity  of  limestone  and  underlying  sand  rock. 

The  apron  is  constructed  of  timber  bolted  to  the  underlying  rock. 
The  covering  is  of  two  courses  of  plank  8x4  inches  in  thickness.  The 
foot  of  the  apron  is  built  on  timber  cribs  filled  with  stone,  and  from 
time  to  time  a  large  amount  of  boulder  rip-rapping  has  been  thrown  in 
to  prevent  the  undermining  of  the  structure. 

The  work  of  repairing  and  remodeling  the  apron  was  very  expensive, 
and  it  will  be  always  a  constant  expense  to  keep  it  in  an  efficient  con- 
dition. 

The  cost  of  this  work  was,  from  July,  1874,  to  July,  1878,  $63  498.72. 

Section  1,  Plate  XXVII,  shows  normal  cross-section  of  the  dyke, 
and  the  several  strata  of  the  lime  and  sand  rock. 

Section  2  is  a  cross-section  showing  dimensions  of  dyke  where  the 
upper  and  lower  passages  were  enlarged  by  switches. 

Section  3,  Plate  XXVIII,  is  a  vertical  longitudinal  section  along 
middle  of  main  river,  and  shows  section  of  apron. 

Section  4  is  a  vertical  longitudinal  section  along  axis  of  dyke. 
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DISCUSSION. 

C.  G.  EoKCE,  M.  Am.  Soc.  C.  E. — I  would  like  to  know  the  cost  of 
the  dyke  ? 

Col.  Fakquhar. — It  was  $210  000.  A  great  deal  was  also  done  in 
building  of  coffer-dams,  etc.,  before  I  commenced  the  work  ;  but  this 
sum  included  all  the  work  that  was  done  by  the  Government  to  protect 
the  dam. 

In  the  report  of  the  Chief  of  Engineers,  U.  S.  A.,  of  1879,  a  complete 
history  of  the  entire  work  was  given,  including  every  item  mentioned  in 
this  paper. 

Mr.  P.  A.  Peteeson  inquired  whether  any  water  passed  through  the 
lining  into  the  tunnel  now  ? 

Col.  Farquhak  replied  that  there  was,  perhaps,  a  little,  but  that  the 
indication  was  that  there  was  no  leak  through  the  limestone. 

In  response  to  a  question  by  a  member  of  the  Society,  Col.  Far- 
QUHAR  explained  that  the  excavation  was  generally  made  by  means  of  a 
truck  loading  the  debris  into  cars  and  hoisting  up  ;  that  the  wall  of  the 
tunnel  was  left  on  an  inclined  plane  on  each  section,  and  the  cars  were 
hoisted  up  that  inclined  plane  and  along  the  top  drift  and  brought  out 
and  dumped  into  the  river;  that  this  hoisting  was  done  principally  from 
the  shaft  of  the  Water  Power  Company  until  the  work  had  progressed 
for  about  400  feet,  when  an  engine  was  put  in  and  used  for  that  purpose. 

The  track  on  which  the  trucks  were  run  was  a  single  track  with  turn- 
outs at  reasonable  distances.  The  concrete  work  did  not,  at  any  time, 
interfere  with  the  work  of  excavation,  the  concreting  being  done  at  one 
end,  to  the  eastward,  and  the  digging  being  done  at  the  westward,  and 
the  filling  up  being  done  at  one  end  and  the  excavation  at  the  other. 

Major  Charles  T.  Allen,  U.  S.  A. — Gentlemen,  the  paper  read  yester- 
day by  the  gentleman  [Col.  Farquhar]  upon  the  preservation  of  the  Falls 
of  St.  Anthony  brought  the  matter  down  to  the  year  1877.  He  gave 
you  a  full  account  of  the  construction  of  the  concrete  dyke  which  is 
intended  to  prevent  percolation  of  the  water  through  the  soft  sand  rock, 
and  of  the  dams  known  as  the  rolling  dams,  which  were  erected  for  the 
purpose  of  keeping  the  surface  of  the  limestone  flooded  during  the  win- 
ter to  prevent  ice  scaling  off  the  rock. 

The  position  of  the  concrete  dyke  is  shown  upon  Plate  XXYI. 

The  existence  of   the  falls,  then,  depends  upon  the  preservation  of  a 
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ledge  of  limestone  rock  about  1  200  feet  in  length.  Its  thickness  at  the- 
upper  edge  is  about  2  feet  ;  the  thickness  at  the  lower  edge  about 
12  feet.  When  the  underlying  rock,  of  soft  sandstone,  is  undermined, 
the  superincumbent  mass  falls.  To  prevent  the  destruction  of  this  con- 
crete dyke,  this  lower  apron  was  put  in,  and  one  of  the  greatest  difficul- 
ties of  late  years  has  been  the  preservation  of  this  apron.  The  fall  being^ 
about  45  feet,  and  the  area  of  discharge  of  the  waterway  having 
been  diminished  to  less  than  one-third  of  its  original  value  by  the  en- 
croachments upon  the  bed  of  the  river  by  the  mill  dams,  the  whole  mass 
of  the  flood  discharged  is  precipitated  through  this  narrow  gorge  of 
about  450  feet  width  upon  the  soft  sandstone  bed. 

In   1878,  when  I  took   charge   of  the  work,   a  mass  of  large  granite 
boulders  had  been  placed   below  the  apron  so  that  they  were  flush  with 
the  surface  of  the  water.     The  discharge  of  the  water  through  this  nar- 
row space  and  the  movement  of  ice  removed  the  boulders  in  the  course 
of  two  or  three  years  as  though  they  were  so  much  shot,  and  scoured 
the  bottom  out,  at  the   end  of   three  years  so  as  to  leave  a  depth  of 
aboii.t  34  feet  just  below  the  toe  of  the  apron.     Heavy  blocks  of  lime- 
stone, some  of   them  weighing  from  2  000  to  4  000  pounds,  were  after- 
wards thrown  in,  as  far  as   the  money  available   for  expenditure  would 
admit  of,  and  they  were  also  carried  out.     A  large  portion  of  the  damage 
was  due  to  the  obstruction  to  the  flow  of   the   water  caused  by  the  de- 
posit of  large  masses  of  debris  from  the  excavations  for  flouring  mills  on 
the  west  side  of  the  mill-pond.     The  largest  dam  formed  by  this   debris 
was  about   120   feet   in   length   and   rising  to  a  height  of  18  feet  above 
the  water's  surface .     You  can  easily  see  what  the  action  of  the  water  wa& 
in  this  angle  by  referring  to  Plate  XXVI,  and  its  eff'ect  in  scouring  out 
the  bottom.     It  became   evident  that  some   steps  must  be  immediately 
taken  to  prevent  this  further  encroachment   and  erosion,  particularly  as 
this  point  [the  angle]  was   nearest   to  the   concrete  dyke,  and  was  also 
near  the  opening  of   the  west   branch  of  the  tunnel— a  break  which  was 
originally  started  by  the  attempt  to  make  a  tail  race  under  the  limestone. 
During  last  fall  a  large  amount  of  rip-rap  was  placed  in  the  angle  for 
a  distance  of  about  130  feet  down  stream,  and  about  120  feet  measured 
along  the  toe  of  the  apron,  the  average  filling  being  about  9  feet.     On 
top  of  this  rip-rap  was  sunk  a  large  crib  of  timber,  80  feet  on  a  side  and 
about  6  feet  in  depth.      The  crib  was  strongly  floored  and  filled  up  with 
small  stone  and  grouted.     Of  course,  the  weight  of  the  crib  under  those 
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circumstances  would  be  very  much  greater  that  the  weight  of  water  dis- 
placed. The  details  of  this  work  and  the  drawings  can  be  seen  in  the  room 
upstairs.     These  repairs  cost  about  f  35  000,  the  crib  costing  about  S9  000. 

To  further  ensure  the  protection  of  the  apron,  the  same  system  of 
crib  or  mattress  of  timber  will  jjrobably  have  to  extend  across  the  whole 
distance  or  width  of  the  river  below  the  apron,  unless  provision  eventu- 
ally be  made  for  discharging  more  of  the  water  through  its  original  bed . 

The  cost  of  the  work  from  the  commencement  has  been  about 
^940  000,  of  which  $600  000  have  been  expended  by  the  United  States 
Government,  and  $340  000  by  the  citizens  of  Minneapolis  in  the  earlier 
stages  of  the  work. 

Having  brought  the  narration  down  to  this  point,  I  do  not  know  that 
there  is  any  more  that  I  can  give  of  interest  in  addition  to  the  paper  by 
Col.  Farquhar  which  you  heard  read  yesterday. 

A  Member. — I  would  like  to  ask  Major  Allen  whether  he  is  informed 
as  to  the  total  amount  of  horse  power  there  is  at  the  falls,  and  that  can 
be  utilized,  and  the  amount  that  is  at  present  utilized. 

Major  Allen. — The  number  of  horse  power  that  can  be  utilized  and 
that  is  utilized  depends,  of  course,  upon  the  extent  of  the  fall  utilized. 
The  plunge  over  the  apron  is  about  45  feet,  but  by  appropriate  arrange- 
ment of  sluices  and  canals  a  greater  head  can  be  developed.  The  ques- 
tion of  the  amount  of  horse  power  and  its  present  and  prospective  availa- 
bility will  be  treated  upon  so  fully  in  the  paper  promised  you  concern- 
ing the  Falls  of  St.  Anthony  that  anything  I  could  say  now  would  not  be 
of  very  great  additional  value.  The  gentleman  who  is  to  read  that  paper 
has  been  associated  with  the  falls  for  a  great  many  years,  and  is  thoroughly 
conversant  with  the  matter  of  which  he  speaks.     I  refer  to  Mr.  Frizell. 

Mr.  CoLLiNGWooD. — I  would  like  to  inquire  as  to  what  is  the  position 
of  the  cribs  that  were  sunk  there.  In  what  position  were  they  placed 
with  reference  to  the  dam  itself  ? 

Major  Allen. — The  cross-section  through  this  dam  and  apron  would 
show  a  fall  of  about  45  feet.  This  angle  is  shown  on  Plate  XXVI. 
After  this  map  was  made,  and  prior  to  my  taking  charge  of  the  work, 
a  timber  protection  to  this  easterly  bank  was  extended  down  stream  for 
several  hundred  feet.  The  space  between  the  apron  and  this  extension 
is  what  is  called  the  angle.  This  crib,  which  was  to  prevent  further 
erosion,  was  sunk  directly  in  the  angle  where  the  greatest  scour  and  the 
greatest  abrasion  occurred. 
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Mr.  Heemany. — I  would  ask  of  Major  Allen  to  what  extent  the  power 
is  affected  by  back-water  during  flood  time  ? 

Major  Allen. — That  is  a  subject  I  have  never  fully  investigated — that 
is,  the  matter  of  the  water  power  at  the  falls.  The  preservation  of  the 
works  was  all  I  was  entrusted  with. 

A  Membeb. — I  would  like  to  ask  what  the  interest  of  the  Government 
was  in  the  matter.  Was  it  simply  the  purpose  of  the  Government  to 
preserve  the  navigability  of  the  river  below,  or  had  it  reference  wholly 
to  preserving  the  water  power  here  ? 

Major  Allen. — The  preservation  of  the  falls  was  undertaken  by  the 
General  Government  about  1870,  the  plea  for  their  preservation  being 
that  the  destruction  of  the  falls  would  convert  the  river  above  them  into 
a  series  of  shoals,  reefs,  etc.,  and  thereby  destroy  steamboat  navigation; 
and  shortly  after  the  first  appropriation  was  made  for  the  falls,  a  small 
appropriation  was  made  by  the  General  Government  for  the  removal  of 
boulders  and  other  obstructions  in  the  river  above,  but  nothing  has  been 
expended  there  for  a  number  of  years  past. 

Mr.  Heemany. — I  will  put  my  question  in  another  form.  Is  the 
height  of  the  falls  determined  by  the  height  of  the  plunge  ? 

Major  Allen.  — The  height  of  the  plunge,  properly  speaking,  the  fall, 
is  greater  now  at  high  water  than  it  was  before  the  bed  was  occupied  by 
the  Water  Power  Company's  dams.  If  the  question  means,  are  the 
falls  drowned  out  during  high  water,  my  answer  is  No  ;  the  head  is  not 
appreciably  diminished  during  high  water. 

Chaeles  E.  Emeey,  M.  Am.  Soc.  C.  E. — In  private  conversation 
upon  this  subject,  it  was  suggested  that  possibly  the  Government  and 
private  citizens  had  already  spent  enough  money  here  to  have  bought 
and  maintained  steam  engines  sufficient  to  produce  the  power.  That  is 
hardly  probable  ;  the  $940  000  mentioned  would  ocly  maintain  con- 
tinuously, forever,  from  1  500  to  1  800  horse  power,  according  to  ruling 
prices,  as  can  be  found  by  consulting  my  paper.  Could  further  expen- 
ditures be  included,  the  resvilt  might  show  differently. 

J.  J.  R.  Cedes,  M.  Am.  Soc.  C.  E. — I  think  Mr.  Emery  stated  yester- 
day that  water  power  was  not  reliable.  I  would  like  to  know  how  he 
arrived  at  that  conclusion  ? 

Chaeles  E.  Emeey,  M.  Am.  Soc.  C.  E. — My  statement  was  that  on 
streams  which  were  intermittent,  the  water  power  was  not  reliable,  and 
that  in  many  such  cases,  where  it  is  necessary  to  maintain  two  plants,  it 
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would  be  found  more  economical  to  depend  upon  steam  power  entirely, 
but  I  would  hardly  suppose  that  here  at  the  Falls  of  St.  Anthony,  with 
the  whole  volume  of  the  Mississippi  behind  them,  the  water  power  could 
very  well  be  considered  unreliable. 

It  may  be  noted,  however,  that  a  paper  of  Mr.  J.  P.  Frizell,  read 
subsequent  to  the  above  discussion,  shows  that  the  volume  of  the  Missis- 
sippi at  the  Falls  of  St .  Anthony  is  so  variable  that  storage  reservoirs 
are  desirable,  so  that  my  suggestions  in  reference  to  steam  power  are 
directly  applicable  to  that  case. 
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Eead  AT  THE  Annual  Convention,   St.   Paul,  Minn.,  June  21st,  1883. 


WITH    DISCUSSION. 


Thirty  years  ago  this  summer  the  land  now  occupied  by  Minneapolis 
proper,  that  is,  the  west  side  of  the  river,  previously  included  in  the 
military  reservation  of  Fort  Snelling,  was  thrown  open  to  settlement 
and  taken  up  on  pre-emption  claims.  At  the  same  time  a  town  had 
been  established  on  a  permanent  and  substantial  basis  only  8  or  9  miles 
distant,  which  had  already  become  a  place  of  note  and  importance  and 
the  capital  of  the  territory. 

We  find  here  to-day  a  city  said  to  contain  100  000  people,  with  broad 
streets,  beautiful  residences,  fine  buildings,  and  industries  whose  annual 
products  are  counted  by  tens  of  millions.  In  Boston,  New  York  and 
Philadelphia  six  generations  of  men  passed  away  while  those  towns 
were  attaining  the  development  that  this  city  has  reached  in  a  single 
generation.     This  astonishing  result  is  due  wholly  to  the  water-power 
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furnished  by  the  Falls  of  St.  Anthony.  Having  been  for  several  years 
connected  with  this  water-power,  as  engineer,  on  behalf  of  the  United 
States  Government,  and,  to  some  extent,  on  behalf  of  the  owners,  I 
will  employ  the  few  minutes  allotted  me,  in  a  history  and  description  of 
the  same  from  an  engineering  point  of  view. 

The  total  fall  here,  on  land  owned  as  an  appurtenance  to  the  water- 
power,  is  about  70  feet.  The  total  fall  beween  Minneapolis  and  St.  Paul 
is  110  to  115  feet.  The  greatest  fall  used,  in  the  ordinary  condition  of 
the  river,  is  about  50  feet.  The  average  fall  on  which  the  water  is  used 
is  probably  not  over  37^  feet. 

The  drainage  ground  above  the  Falls  of  St.  Anthony  is  a  little  over 
20  000  square  miles. 

The  rainfall  in  this  country  is  about  30  inches  per  annum,  being 
rather  less  than  two-thirds  that  in  New  England  and  New  York.  The 
amount  of  water  collectable  from  a  given  drainage  area  is  even  less  in 
proportion  than  the  rainfall.  It  rarely  exceeds  9  inches  per  annam,  and 
sometimes  falls  below  6. 

The  quantity  of  water  that  can  be  utilized  for  mills  operated  continu- 
ously, and  wholly  by  water-power,  is  the  low-water  volume  of  the 
stream.  Anything  in  excess  of  this  must  be  used  subject  to  interrup- 
tion, or  in  connection  with  steam-power.  The  river  at  Minneapolis  has 
not,  during  my  acquaintance  with  it,  fallen  below  4  000  cubic  feet  per 
second,  while  free  from  ice.  The  lowest  water,  however,  occurs  in 
winter.  The  long  periods  of  steady  cold  weather  occurring  in  this 
climate  exhaust  the  sources  of  the  streams,  and  they  fall  very  low.  I 
measured  the  Mississippi  above  Minneapolis  several  times  in  March, 
1881.  I  used  a  current-meter,  operating  through  holes  cut  in  the  ice, 
which  had  at  that  time  attained,  at  some  points,  the  enormous  thickness 
of  42  inches.  The  holes  were  25  feet  apart.  The  current  was  meas- 
ured immediately  below  the  ice,  at  mid  depth,  and  just  above  the  bot- 
tom, at  each  hole.  The  meter  was  very  carefully  rated  under  iLy 
supervision,  and  the  measurement  is  believed  to  be  correct. 

The  lowest  volume  was  3 168  cubic  feet  per  second,  which,  on  the 
average  fall  of  37 i  feet,  gives,  with  water  wheels  of  ordinary  construction, 
about  10  000  horse  power  as  the  present  available  power  at  this  point. 
Being  used  night  and  day,  this  is  fully  equivalent  to  20  000  horse  power 
used  during  the  day  alone.  By  bringing  the  entire  fall  into  use,  this 
amount  could  be  nearly  doubled.     It  could  be  still  further  increased  by 
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the  construction  of  storage  reservoirs  on  the  head  waters  of  the  stream  ; 
and,  of  course,  a  large  additional  quantity  of  power  could  be  leased, 
subject  to  interruption,  supplemented  by  steam  power.  In  this  connec- 
tion it  may  be  stated  that  sawdust,  equivalent  in  steam-producing  power 
to  not  less  than  20  000  tons  of  coal,  is  annually  thrown  into  the  river  at 
this  point. 

This  arrangement  of  nature,  by  which  the  lowest  water  occurs  in  the 
winter,  has  some  advantages  for  the  milling  interest.  1.  The  saw-mills 
run  only  while  the  river  is  open,  and  their  demands  cease  before  extreme 
low  water  occurs.  2.  When  the  business  increases  to  that  degree  that 
auxiliary  steam  power  is  required,  the  waste  steam  from  the  engines  will 
afford  an  economical  means  of  heating  the  mills.  In  New  England,  low 
water  occurring  mainly  in  the  latter  part  of  the  summer  and  autumn, 
this  advantage  is  largely  lost. 

The  following  figures  will  show  the  advantage  to  be  expected  from 
reservoirs.  The  United  States  Engineer  Department  gauged  the  river 
at  Crow  Wing,  about  130  miles  above  Minneapolis,  where  the  drainage 
area  is  about  1^5  of  that  commanded  by  the  Falls  of  St.  Anthony.  The 
gaugings  were  continued  for  a  year,  commencing  November,  1881.  As- 
suming that  the  flow  at  Minneapolis  was  the  same  as  at  Crow  Wing,  in 
proportion  to  the  extent  of  drainage  ground,  I  have  the  following 
results : 

Flow  in  Nov.,  1881,  31  646  millions  of  cub.  ft.  =  13  081  cub.  ft.  per  sec. 


Dec, 

(( 

24  016 

8  967 

Jan., 

1882, 

16988 

6  343 

Feb., 

13  406 

5  542 

Mar., 

16  696 

6  234 

April, 

63  705 

24  577 

May, 

81910 

30  582 

June, 

67  438 

26  017 

July, 

61051 

22  794 

Aug., 

35  605 

13  293 

Sept. , 

25  053 

9  665 

Oct., 

37  324 

13  091 

The  quantity  for  November,  1881,  includes  only  28  days  of  that 
month,  and  October,  1882,  includes  two  days  of  the  following  month. 
The  minimum  volume  of  the  river,  deduced  in  the  same  manner  as  the 
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above,  was  5  243  cubic  feet  per  second,  being  much  above  the  minimum  of 
ordinary  years.  This  is  the  greatest  quantity  that  could  have  been  leased 
during  that  year  and  guaranteed  free  from  interruption.  It  will  be  noticed 
that  January,  February  and  March  are  the  only  months  which  fall  below 
24000  millions,  the  aggregate  deficiency  being  24  910  millions.  This 
quantity  of  water  held  in  storage  would  have  raised  the  available  volume 
of  the  river  from  5  243  to  9  259  cubic  feet  per  second,  and  have  enabled 
the  latter  quantity  to  be  leased,  free  from  interruption,  the  year  round; 
that  is,  it  would  have  increased  the  water  power  at  Minneapolis  by  77 
per  cent.  In  a  year  of  ordinary  or  extreme  low  water,  like  1881,  the 
value  of  such  a  reserve  of  water  would  have  been  greater,  probably 
doubling  the  available  milling  volume  of  the  stream  at  Minneapolis. 

Whether  the  reservoirs  now  in  course  of  construction  by  the  United 
States  Engineer  Department  will  be  of  much  benefit  to  this  water  power 
is  open  to  doubt.  These  reservoirs  are  supposed  to  be  constructed 
wholly  in  the  interest  of  navigation.  They  are  intended  to  intercept 
waters  not  required  for  navigation,  and  discharge  them  when  they  are 
so  required.  This  use  of  the  reservoirs  would  undoubtedly  prevent  the 
river  from  falling  very  low  at  Minneapolis  during  the  season  of  naviga- 
tion, but  could  be  of  no  benefit  to  the  mills  in  winter,  when  their  need 
of  such  aid  is  greatest,  no  discharge  being  required  at  that  season  for 
purposes  of  navigation.  Moreover,  the  most  effectual  use  of  the  reser- 
voirs would  require  them  to  intercept  the  entire  flow  of  their  respective 
drainage  areas  during  the  winter,  to  the  great  and  manifest  injury  of  the 
milling  interest.  Whether  the  millers  have  acquired  any  prescriptive 
rights  as  against  the  sovereign  authority,  which  would  prevent  this  use 
of  the  reservoirs,  is  a  question  for  the  lawyers. 

The  geological  formation  here  is  St.  Peter  sandstone,  capped  by 
Trenton  limestone  ;  but  the  northerly  limit  of  the  latter,  in  the  bed  of 
the  river,  is  only  400  yards  above  the  present  brink  of  the  falls.  The 
limestone  in  the  bed  of  the  river  is  12  to  14  feet  thick  at  the  brink  of 
the  falls,  diminishing  up  stream.  It  lies  in  horizontal  strata,  intersected 
with  vertical  seams.  Some  of  these  strata  disintegrate  Avholly  on 
exposure  to  the  air;  others  form  a  very  fair  building  stone,  of  which  you 
will  see  many  examples  in  Minneapolis  and  St.  Paul. 

The  St,  Peter  sandstone,  commonly  called  the  sand  rock,  is  rock  only 
in  the  geological  sense.  It  exhibits  some  appearance  of  stratification, 
and  some  strata  are  harder  than  others.     It  is  nowhere  so  soft  that  it 
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will  not  stand  vertically,  except  when  saturated  with  water,  and  nowhere 
so  hard  that  it  cannot  be  worked  with  the  pick.  The  softest  stratum  at 
the  falls  is  16  to  22  feet  below  the  bottom  of  the  limestone.  The 
attempt  to  excavate  in  this  stratum,  and  to  keep  excavations  clear  by- 
pumping,  has  resulted  in  extensive  and  dangerous  cavities.  The  sand- 
stone formation  extends  to  a  depth  of  140  or  150  feet  below  the  bottom 
of  the  limestone,  where  a  rock  is  encountered  of  the  hardness  of  granite. 

This  formation  has  been  of  great  advantage  in  the  development  of 
water  power,  on  account  of  the  facility  with  which  races  are  executed  in 
it  for  discharging  the  water  after  passing  the  wheels.  In  ordinary  situa- 
tions, the  mills  must  be  placed  between  the  canal  of  supply  and  the  river 
or  canal  of  discharge.  Here  their  location  is  limited  by  no  such  restric- 
tion, those  which  are  placed  outside  of  the  canal  of  supply  carrying 
their  tunnels  under  the  same  to  reach  the  river.  There  is,  probably,  no 
example  in  existence  of  so  large  an  amount  of  power  derived  from  so 
short  a  canal.  This  method  has  worked  admirably  so  long  as  the  dis- 
charging tunnels  have  been  but  little  below  the  lime  rock,  utilizing 
about  one-half  the  total  fall.  It  becomes  more  difficult  and  expensive 
when  the  tunnels  are  carried  deeper.  An  attempt  to  make  the  entire 
fall  available  at  existing  establishments  by  this  means  would  encounter 
great  and,  perhaps,  insurmountable  difficulties. 

The  water  power  is  owned  by  two  companies,  the  Minneapolis  Mill 
Company  occupying  the  westerly  shore,  the  St.  Anthony  Falls  Water 
Power  Company  the  easterly.  These  companies  obtained  their  charters 
from  the  Territorial  Legislature  of  Minnesota  in  1857,  and  proceeded  to 
build  the  existing  system  of  dams,  which  were  constructed  solely  with 
reference  to  facilities  for  handling  and  sawing  logs.  To  facilitate  these 
operations  the  channel  between  Hennepin  Island  and  the  east  shore  was 
closed  by  a  dam.  Another  dam  was  extended  from  the  westerly  shore 
some  400  feet  into  the  main  channel  of  the  river.  A  third  dam  was 
built  on  the  west  side  of  Hennepin  Island.  These  dams  reduced  the 
overflow,  which  previously  had  a  development  of  some  1  200  feet,  to  less 
than  500. 

These  measures  were  immediately  followed  by  an  alarming  increase 
in  the  rate  of  recession  of  the  falls.  Professor  Winchell,  our  State  ge- 
ologist, has  published  in  the  Report  of  the  Geological  Survey  of  Min- 
nesota a  very  interesting  speculation  as  to  the  probable  date  of  the  last 
glacial  epoch,  at  which  time  he  supposes  the  cataract  to  have  been  at  the 
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present  site  of  Fort  Snelling.  He  finds  from  tlie  statements  of  travelers 
who  have  visited  and  roughly  surveyed  the  falls  at  different  times,  pre- 
vious to  the  use  of  the  water  power,  that  they  were  receding  at  the  aver- 
age rate  of  4  or  5  feet  per  annum.  Between  1857  and  1868  the  recession 
was  about  288  feet,  some  200  feet  of  which  occurred  between  1866  and 
1868. 

The  narrowing  of  the  overflow  and  consequent  concentration  of  the 
current  had  another  bad  effect.  It  increased  the  fall.  Of  this  there  is 
the  most  direct  historical  evidence.  Lieut.  L.  M.  Pike  visited  the  Falls 
of  St.  Anthony,  September  80th,  1805.  His  journal,  published  in  London 
in  1811,  is  entitled  ''Exploratory  Travels  through  the  Western  Terri- 
tories of  North  America  in  1805-6  and  '7."  He  details  certain  surveys 
and  measurements  that  he  made  at  the  falls,  and  among  other  things 
says :  "  The  perpendicular  fall  of  the  chute  is  16 J  feet. "  Major  Stephen 
H.  Long,  who  visited  the  falls  in  1817,  says  :  "  The  perpendicular  fall  of 
the  water,  as  stated  by  Pike  in  his  journal,  is  16^  feet,  which  T  found 
to  be  true  by  actual  measurement.  To  this  height,  however,  4  or  5 
feet  may  be  added  for  the  rapid  descent  which  immediately  succeeds  the 
perpendicular  fall  within  a  few  yards  below."  At  present  the  descent  of 
the  water  at  the  overflow  is  over  36  feet.  Some  5  feet  of  this  is  due  to  a 
low  dam  at  the  brink  of  the  fall,  intended  to  keep  the  limestone  flooded 
with  water.  This  gives  a  pi-esent  fall  of  over  31  feet  against  20  or  21, 
which  was  all  that  could  be  made  of  it  at  the  time  of  Major  Long's  visit 
in  1817.  If  we  take  into  account  the  depth  that  the  water  would  have 
on  the  limestone  in  the  absence  of  all  dams,  it  is  apparent  that  the  ef- 
fective fall  acting  on  the  bottom  has  been  doubled. 

In  the  fall  of  1868  a  tunnel  was  commenced  under  license  from  the 
St.  Anthony  Falls  Water  Power  Company,  designed  to  serve  as  a  race- 
way for  mills  located  on  Nicollet  Island,  something  like  1  000  feet  above 
the  present  brink  of  the  falls.  Being  conducted  in  utter  disregard  of 
the  precautions  which  ordinary  foresight  would  suggest,  it  resulted  in 
opening  a  passage  for  the  water  under  the  limestone. 

The  millers  and  citizens  finding  the  water  power  thus  threatened  in 
front  and  rear,  became  much  alarmed,  and  bestirred  themselves  with 
alacrity  to  avert  a  catastrophe.  Several  hundred  thousand  dollars  were 
raised  by  the  city  of  Minneapolis  by  the  issue  of  its  bonds,  and  the  mat- 
ter being  presented  to  Congress,  it  was  regarded  as  sufficiently  national 
to  warrant  the  general  Government  in  undertaking  the  preservation  of 
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the  falls.  Works  for  this  purpose  were  carried  on  jointly  by  the  city 
and  the  general  Government.  The  latter  assumed  and  still  exercises  con- 
trol over  these  works.  The  openings  admitting  the  water  under  the 
limestone  were  surrounded  by  coffer-dams;  cavities  accessible  from  above 
were  filled  with  gravel  and  covered  with  pavement.  The  tunnel,  which 
was  originally  6  feet  square  in  cross  section,  and  had  been  greatly  en- 
larged by  the  action  of  the  water,  was  lined  with  timber  backed  with 
concrete.  This  lining  having  been  crushed  in  by  the  pressure  of  water 
during  the  progress  of  the  work,  the  additional  precaution  was  taken  of 
filling  the  cavity  for  a  distance  of  250  feet  with  well-rammed  gravel. 

A  dike  of  concrete,  corresponding  to  a  puddle  wall  in  an  ordinary 
embankment,  was  constructed  entirely  across  the  river,  under  the  lime- 
stone. It  is  about  4  feet  in  thickness,  and  extends  to  a  depth  of  38 
feet  below  the  bottom  of  the  limestone.  The  existing  apron  was  con- 
structed of  crib  and  stone  work,  covered  with  a  12-inch  deck  of  timber . 
Two  low  dams  were  also  constructed  to  keep  the  limestone  flooded  in 
seasons  of  low  water  and  protect  it  from  the  action  of  the  frost.  Fuller 
details  of  all  these  works  will  be  found  in  the  report  of  the  Chief  of  En- 
gineers, U.  S.  A. ,  for  1879.  The  total  cost  of  these  works  of  preservation 
has  been  something  over  $900  000. 

These  works,  it  is  believed,  have  placed  the  falls  beyond  any  im- 
mediate danger  of  disappearance.'  Nevertheless,  their  condition  is  far 
from  the  permanence  demanded  by  interests  of  this  magnitude .  The 
concentration  of  the  current  at  its  overfall  into  less  than  one-third  of  its 
original  width  still  continues.  The  width  of  the  apron  at  its  crest  is 
about  450  feet,  and  its  construction  is  such  that  it  concentrates  the 
whole  volume  of  water  upon  a  width  of  about  350  feet  at  the  bottom. 
The  abrasive  action  of  such  a  current  acting  on  such  a  confined  space  is, 
of  course,  very  severe.  Holes  to  the  depth  of  40  and  even  50  feet  have 
been  excavated  in  the  sand-rock.  These  have  been  filled  up  from  time 
to  time  with  boulders  and  blocks  of  limestone,  but  with  very  unsatis- 
factory results,  the  stone  being  speedily  washed  out  by  the  action  of  the 
water. 

A  method  of  protecting  the  bottom  suggested  by  me  has  recently 
been  tried  by  the  Engineer  Department.  It  consists  in  leveling  up  the 
bottom  with  loose  stone  to  the  proper  height  and  covering  it  with  broad, 
flat  cribs  just  deep  enough  to  hold  suflQcient  stone  to  render  them  im- 
movable, and  furnished  with  very  strong  decks  of  timber.     Such  a  crib 
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must  be  kept  afloat  while  filled  with  stone  in  order  to  put  on  the  deck. 
For  this  reason  it  is  made  water-tight,  being  nothing  else  than  a  flat  boat 
or  scow.  A  tight  curb  or  bulwark  reaches  above  the  deck  high  enough 
to  give  the  necessary  buoyancy  to  the  crib.  After  being  finished  it  is 
floated  into  position  and  sunk  by  admitting  the  water.  A  crib  80  feet 
square  and  5  or  6  feet  deep  was  very  successfully  sunk  last  winter  at  the 
point  where  the  abrasion  is  greatest.  This  was  as  much  as  the  funds  at 
the  disposal  of  the  department  admitted  of.  A  line  of  such  cribs  extend- 
ing the  full  width  of  the  toe  of  the  apron  would,  no  doubt,  arrest  the 
abrasive  action  for  some  time.  Whether  a  single  crib  will  be  of  much 
service  remains  to  be  seen. 

These  mills,  as  you  have  noticed,  run  night  and  day,  generally  start- 
ing at  12  o'clock  on  Sunday  night  and  running  till  12  on  Saturday  night. 
Most  water  powers  at  the  East,  devoted  to  the  cotton  and  woollen  manu- 
facture, furnish  power  during  the  day  only,  and  have  facilities  for  hold- 
ing the  night  flow  of  the  stream  for  use  during  the  day.  It  is  found 
more  economical  here  to  run  night  and  day. 

The  grants  of  water  that  have  been  made  here  have  been  mainly  ex- 
pressed in  mill  powers,  a  mill  power  being  about  75  theoretical  horse 
power,  or  from  50  to  60  efifective  horse  power,  according  to  the  efiic- 
iency  of  the  wheel  and  appurtenances.  In  some  cases  land  has  been  sold 
accompanied  by  the  perpetual  right  to  draw  certain  definite  quantities  of 
water  without  reference  to  the  fall.  No  systematic  efi'ort  has  thus  far 
been  made  to  restrict  the  grantees  to  their  stipulated  quantities  of  water, 
and  consequently  no  attention  has  been  paid,  either  in  the  construction 
of  wheels  and  races,  or  in  the  selection  of  machinery,  to  the  economical 
use  of  power.  A  lease  of  a  quantity  of  water,  unaccompanied  by  any 
measures  for  its  enforcement,  is  simply  a  license  to  draw  at  will,  and  the 
lessee  seldom  fails  to  act  on  that  construction  of  it.  So  long  as  he  is  not 
questioned  as  to  the  quantity  of  water  he  uses,  he  sees  no  occasion  for 
nicety  in  his  means  of  using  it,  and  rarely  incurs  any  expense  that  may 
be  avoided  by  an  excessive  use  of  water.  The  inevitable  consequence 
has  followed,  viz.,  that  though  the  amount  of  machinery  here  is  probably 
not  more  than  the  eighth  part  of  what  this  water  power,  properly  im- 
proved and  applied,  is  capable  of  maintaining  in  operation,  its  present 
capacity  is  already  reached  and  exceeded,  it  being  no  uncommon  thing 
for  mills  to  stop  for  lack  of  water  in  the  season  of  low  water.  At  such 
seasons  the  evils  of  a  lack  of  control  over  lessees  appear  in  their  worst 
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form.  The  mill  pond  is  drawn  down  to  the  lowest  point  that  will  allow 
the  water  to  flow  through  the  canals.  The  canals  are  swept  full  of  sand 
which  has  accumulated  in  the  mill  pond  during  the  time  of  high  water, 
and,  by  the  diminution  of  the  head,  the  power  is  largely  wasted  at  the 
Tery  time  when  it  is  of  the  greatest  importance  to  use  it  economically. 

A  conspicuous  instance  of  the  misuse  of  power  is  furnished  by  the 
draft-tubes  with  which  almost  every  wheel  is  provided.  The  usual  ar- 
rangement of  the  wheel  is  this  :  a  vertical  shaft  is  carried  well  down  into 
the  limestone.  A  shelf  or  ledge  is  there  left  around  the  shaft,  and  the 
latter  is  carried  with  diminished  diameter  through  the  limestone  and  to 
the  necessary  depth  in  the  sandstone.  On  this  shelf  rests  the  platform 
which  supports  the  wheel.  The  water  is  discharged  from  the  wheel 
through  a  dralt-tube,  which  reaches  down  below  the  surface  of  the  water 
in  the  wheel-pit.  The  water  thus  acts  not  directly,  by  its  weight  above 
the  wheel,  but  indirectly  by  diminishing  the  atmospheric  pressure  below 
the  wheel.  These  draft-tubes  are  almost  invariably  too  small.  I  give  a 
few  instances  : 

A  5-i-inch  *'New  American  "  turbine,  acting  under  a  head  of  48  feet, 
has  a  draft-tube  52  inches  in  diameter.  The  wheel  is  stated  by  the  makers 
to  discharge,  with  full  gate,  216.45  cubic  feet  per  second  under  a  head  of 
40  feet.  The  effective  head,  as  we  shall  see,  is  about  44  feet,  and  conse- 
quently the  discharge  with  full  gate  should  be  227.27  cubic  feet  per 
second.  This  would  require  a  velocity  through  the  draft-tube  of  15 .  41 
feet  per  second,  corresponding  to  a  head  of  3.69  feet.  Adding  the  fric- 
tional  head  in  the  draft-tube,  assumed  to  be  24  feet  long,  we  have  4.10 
feet  for  the  loss  of  head  at  this  wheel,  or  about  1^2  the  total  power  of 
the  wheel.  With  the  wheel  running  at  full  gate,  this  loss  amounts  to  1 .4 
mill  powers,  worth  commercially  some  $i  400  per  annum. 

In  another  mill  the  proprietor  is  now  putting  in  a  40-inch  Victor  wheel, 
to  work  under  a  head  of  43  feet,  provided  with  a  draft  tube  40  inches 
diameter.  We  shall  find  the  effective  head  here  to  be  a  little  over  37  feet. 
The  discharge,  under  a  head  of  37  feet,  is  given  by  the  makers  as  155 . 3 
cubic  feet  per  second.  This  implies  a  velocity  of  17.8  feet  per  second  in 
the  draft  tube,  involving  a  loss  of  head  of  4.92  feet.  Adding  0.59  feet 
for  the  fractional  loss  of  head  in  the  draft-tube,  assumed  to  be  20  feet  long, 
we  have  for  the  total  loss  of  head  5.51  feet,  or  something  over  J  the  total 
power  of  the  wheel.  These  are  only  two  instances  taken  at  random,  and 
might  be  multiplied  to  any  extent. 
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The  waste  of  power  is  not  the  only  evil  result  of  this  gross  disregard 
of  the  laws  of  hydraulics.  The  inordinate  velocity  with  which  the  water 
is  discharged  from  the  draft-tube  is  very  destructive  to  the  wheel-pit.  On 
one  occasion,  a  miller  had  used  his  raceway  for  a  common  sewer  of  his 
mill,  a  use  which  rendered  the  wheel-pit  tolerably  safe  from  inspection. 
Having  occasion  to  visit  it,  he  found  a  cavity  under  the  draft-tube  some 
30  feet  in  depth.  Nothing  disconcerted  by  so  trifling  an  accident,  he  filled 
up  his  pit  and  set  his  mill  to  running  again.  But  when  the  owner  of  the 
adjoining  mill,  in  attempting  to  deepen  his  race,  pumped  up  materials 
recognized  as  coming  from  the  above  mentioned  pit,  it  was  felt  that  the 
limit  of  safety  had  been  reached,  and  the  latter  enterprise  was  discon- 
tinued. 

Some  of  the  millers,  with  a  praiseworthy  determination  not  to  he 
beaten  in  this  combat  with  the  laws  of  nature,  have  lined  the  bottoms  of 
their  wheel-pits  with  boiler-plate.  If  they  would  put  sufficient  iron  in 
their  draft-tubes,  I  think  they  would  have  no  occasion  to  use  that  mate- 
rial in  their  wheel-pits. 

The  application  of  water  power  to  industrial  uses  at  the  Falls  of  St. 
Anthony  has  commenced  and  proceeded  with  very  little  aid  from  civil 
engineers,  properly  so  called.  The  engineering  practiced  here  is  what 
is  sometimes  called  common  sense  engineering,  though  that  term  can 
hardly  be  applied  to  the  tunnel  project  above  described.  It  is  the  kind 
of  engineering  that  every  man  of  ordinary  intelligence  is  capable  of  prac- 
ticing. It  has  aimed  only  at  immediate  results,  without  regard  to  remote 
or  indirect  consequences — often  without  much  regard  to  direct  conse- 
quences. It  has  been  very  successful  in  its  immediate  objects,  but,  as 
might  have  been  expected,  has  left  a  heavy  legacy  of  trouble  and  diffi- 
culty for  the  future. 

It  is  in  this  point  of  view  that  this  water  power  is  interesting  to  engi- 
neers. It  shows  the  extent  to  which  this  kind  of  makeshift  engineerings 
can  be  carried,  and  the  consequences  to  which  it  inevitably  leads.  This 
kind  of  engineering  has  here  been  carried  to  its  culmination.  The  en- 
terprise has  reached  a  stage  where  makeshifts  will  no  longer  serve.  Na 
material  extension  of  these  industries  is  possible  without  the  adoption 
of  some  more  rational,  comprehensive  and  scientific  methods  of  proced- 
ure in  the  management  of  the  water  power. 

The  methods  and  appliances  adopted  were  admirably  well  suited 
to  the  requirements  of  the  work  at  its  commencement.     The  disposable 
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capital  was  limited.  It  was  necessary  to  set  wheels  to  running  with  as 
little  outlay  as  possible,  and  all  financial,  legal  and  engineering  niceties 
had  to  be  disregarded  ;  but  the  enterprise  has  now  outgrown  these 
methods,  as  the  town  has  outgrown  the  huts  and  cabins  which  served 
for  shelter  in  its  early  days. 

The  adoption  of  any  comprehensive  plan  of  improvement  is  now 
beset  with  the  accumulated  embarrassments  of  twenty  years  of  make- 
shift— embarrassments  not  wholly  physical,  but  largely  of  a  legal  char- 
acter. Any  plan  embracing,  as  it  should,  the  preservation  of  the  falls, 
in  connection  with  the  development  of  the  water  power,  must  have  the 
concurrence  and  co-operation  of  three  parties  :  the  Minneapolis  Mill 
Company,  the  St.  Anthony  Falls  Water  Power  Company,  and  the  United 
States  Government— a  concurrence  hardly  to  be  hoped  for. 

Disclaiming  any  intention  of  offering  advice  to  the  parties  interested, 
and  commenting  on  this  case  simply  as  a  problem  in  engineering,  I 
observe  that  there  are  three  things  to  be  done  before  any  comprehensive 
plan  of  permanent  improvement  will  be  possible. 

1.  The  United  States  Government  must  be  induced  to  withdraw 
wholly  from  the  work,  leaving  the  preservation  of  the  falls  to  the  owners 
of  water  power.  The  embarrassments  incident  to  this  connection  are 
not  compensated  by  the  small  sums  which  the  Government  occasionally 
•devotes  to  this  work,  and  reliance  upon  what  can  be  done  with  such 
limited  means  is  the  surest  way  to  invite  disaster. 

2.  The  two  companies  controlling  the  water  power  must  be  united 
under  one  management.  In  no  other  way  can  the  preservation  of  the 
falls,  the  distribution  of  the  water,  the  construction,  of  reservoirs,  the 
maintenance  of  legal  rights,  and  other  interests  common  to  the  water 
power  be  efficiently  managed. 

3.  The  natural  channels  of  the  river  must  be  restored  to  it.  Throw- 
ing the  drainage  of  20  000  square  miles,  with  a  fall  of  36  feet  in  a  sheet 
350  feet  wide,  upon  a  bed  of  indurated  sand,  is  not  an  arrangement  calcu- 
lated to  stand  the  test  of  years.  The  maintenance  of  the  falls  under 
these  conditions  cannot  be  pronounced  impossible,  but  the  expense  and 
danger  attending  it  cannot  be  compensated  by  the  trifling  advantage  of 
using  the  bed  of  the  stream  for  mill  sites. 

These  preliminary  difficulties  being  removed,  would  leave  the  ground 
clear  for  the  adoption  of  plans  which  would  make  this  water  power, 
leaving  Niagara  Falls  and  its  possibilities  out  of  account,  the  largest  on 
the  continent. 
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DISCUSSION. 

N.  M.  Edwakds,  M.  Am.  Soc.  C.  E. — I  would  ask  the  method  of 
leasing  the  power  ? 

Mr.  FKizELii.-  The  leases  were  mainly  copied  from  the  forms  prevail- 
ing in  New  England,  at  Lowell  and  Lawrence,  describing  the  mill  power 
as,  in  effect,  such  a  quantity  of  water  on  such  a  head,  that  the  product 
of  the  quantity  of  the  water  in  cubic  feet  per  second  by  the  fall  in  feet 
is  660.  There  is  a  clause  allowing  for  loss  of  head  in  races,  but  that  is 
practically  what  it  amounts  to. 

Mr.  Edwaeds. — I  would  state  that  in  Wisconsin,  on  the  lower  Fox 
River,  the  outlet  of  Lake  Winnebago,  there  are  parties  that  lease  water 
power  by  the  square  inch,  sometimes  not  mentioning  the  head,  in  other 
cases  giving  the  number  of  square  inches  and  the  feet  head.  How  should 
the  power  be  estimated  ?  So  far  as  I  can  find,  there  has  been  no  decis- 
ion in  Wisconsin  courts  upon  this  special  question.  It,  I  think,  must 
come  up  for  a  decision  soon. 

I  would  request  information  as  to  any  local  custom,  or  any  court 
decisions  upon  how  the  power  is,  under  similar  leases,  determined. 
Whether,  first,  the  flow  under  the  conditions  of  a  wheel  in  labor,  taking 
the  square  inches  as  the  total  cross  section  of  least  aperture  through 
the  wheel ;  or,  second,  the  actual  flow  through  an  opening  equal  to  the 
square  inches  given  in  lease,  said  opening  having  sharp  edges,  and  under 
the  head  of  water  specified  ;  or,  third,  the  theoretical  fall  due  to  that 
cross  section  and  head. 

F.  P.  Steakns,  M.  Am.  Soc.  C.  E. — I  once  had  occasion  to  take 
some  measurements  at  a  place  where  water  was  sold  to  the  diff'erent  mill 
owners  by  the  square  inch.  I  tried  to  find  the  meaning  of  the  term, 
and  from  several  sources  learned  that  it  was  the  discharge  which  would 
pass  through  an  orifice  one  square  inch  in  area  if  there  were  no  con- 
traction and  the  water  had  the  theoretical  velocity  due  to  the  head. 
Many  of  the  makers  of  turbines  give  the  discharge  of  their  wheels  in 
"square  inches,"  and  this  term,  as  used  by  them,  agrees  with  the  defi- 
nition I  have  given.  Information  from  some  other  sources  led  me  to 
believe  this  definition  was  not  universally  accepted. 

Mr.  Edwards. — Where  was  this  water  power  you  have  referred  to  ? 

Mr.  Steakns.  —At  Big  Rapids,  Michigan. 
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r.  CoLLiNGWOOD,  M.  Am.  Soc.  C.  E. — I  was  ouce  called  upon  to 
measure  the  amount  used  upon  the  various  wheels  of  Williamsburg, 
and  I  found  all  that  I  was  expected  to  do  was  simply  to  measure  the 
orifices  next  to  the  wheels,  so  many  inches,  no  matter  what  the  wheel 
was.     They  were  all  turbines. 

Mr.  Steaens. — I  might  state  that  the  engineer  who  had  been  there 
before  I  was,  had  measured  the  number  of  square  inches  of  the  canal 
leading  to  the  wheel,  regardless  of  the  head. 

Mr.  Fkizell. — I  will  say  in  reference  to  leasing  water  by  orifices, 
if  you  make  an  orifice  of  twenty  square  inches — supposing  the  head 
not  to  vary  at  all — you  could  change  your  orifice  without  changing  the 
area  of  it,  so  as  to  nearly  double  the  quantity  of  water,  without  making 
any  change  whatever  in  the  area  of  the  orifice,  by  adding  such  appliances 
on  one  side  or  the  other  of  the  dam  or  wall  in  which  the  orifice  is  sit- 
uated as  to  make  the  quantity  vary  very  materially — 50,  or  even  100 
per  cent.     I  always  advise  people  not  to  lease  water  by  orifices. 

Jas.  B.  Francis,  M.  Am.  Soc.  C.  E. — That  difficulty  seems  to  have  been 
foreseen  at  Lowell,  and  they  have  avoided  it.  A  certain  number  of  cubic 
feet  of  water  per  second  has  been  leased,  leaving  it  to  the  parties  to  make 
the  best  use  of  it  they  can,  and  to  measure  it  in  any  way  that  might  be 
devised  and  that  the  progress  of  science  might  indicate.  The  result  has 
turned  out  to  be  very  fortunate  in  avoiding  uncertainties  and  disputes. 
This  practice  has  been  followed  in  Lowell  since  1825,  and  has  probably 
been  adopted  in  many  other  places. 
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WITH  DISCUSSION. 


It  is  believed  that  civil  engineers  require  at  times  general  informa- 
tion as  to  the  cost  of  steam  power,  which  is  not  readily  accessible  to 
those  who  have  not  made  the  subject  a  special  study.  This  consideration 
has  led  the  writer  to  present  to  the  Society,  with  explanations,  the  ac- 
companying tabular  statement,  marked  "Schedule  A,"  the  greater  por- 
tion of  which  was  prepared  within  two  years  for  use  in  a  suit  in  which 
two  of  the  referees  were  Messrs.  James  B.  Francis  and  E.  D.  Leavitt, 
Members  of  the  Society,  respecting  the  loss  of  power  to  a  series  of  mills 
due  to  the  use  of  a  portion  of  the  water  for  city  purposes.  Certain 
features  of  the  table  will  be  better  understood  by  the  explanation  that  it 
was  claimed  by  the  owners  of  the  water  privilege  that  damages  should 
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be  based  on  the  cost  of  purchasing,  operating  and  maintaining,  at  each 
mill,  a  small  engine,  and  a  complete  independent  steam  plant,  which 
would  at  all  times  just  make  up  the  deficiency  ;  while  we  who  repre- 
sented the  citj  urged  that  the  engines  already  in  the  mills  should  be 
worked  a  trifle  harder,  and  that  the  damages  would  be  represented  by 
a  capitalization  of  the  cost  of  the  extra  fuel  and  of  a  portion  of  the  cost 
of  operation,  repairs  and  renewals,  though  provision  was  made  for 
including  a  portion  of  the  original  cost  of  machinery. 

The  use  of  water  commenced  on  the  first  day  of  January,  1874,  so 
the  costs  are  all  referred  to  that  date.  Some  of  the  features  of  the  table 
are  revised,  according  to  the  experience  of  the  writer,  from  a  number  of 
elaborate  tables  presented  for  the  mill  owners  on  the  trial  by  Mr.  J.  C. 
Hoadley,  M.  E.  The  costs  of  the  machinery  given  by  him  corresponded 
very  closely  with  ruling  prices  collected  for  the  Novelty  Iron  Works, 
New  York,  in  the  years  1873-4,  and  were  adopted,  except  that  the  prices 
of  the  small  engines  were  increased  slightly  to  allow  for  the  application 
of  a  fixed  cut-off,  which  was  proper  if  the  theory  of  the  mill  owners 
prevailed  that  a  small  fixed  quantity  of  power  was  to  be  restored  at  each 
fall  corresponding  to  the  power  available  with  the  water  condemned. 
This  provision  affects  the  comparison  with  the  ordinary  commercial  cost 
of  power  in  small  engines  in  manner  hereinafter  indicated. 

The  table  shows  the  various  items  of  the  cost  of  steam  power  per 
horse  power  per  year,  and  also  the  present  value  of  steam  power  main- 
tained forever,  when  produced  in  small  or  large  quantities.  Some  pres- 
entations, made  in  particular  form  to  meet  the  issues  in  the  particular 
case,  have  been  retained  as  being  of  interest. 

It  will  only  be  attempted  at  this  time  to  fix  upon  the  minds  of  those 
present  the  governing  influences  which  affect  the  cost  of  steam  power, 
referring  to  the  headings  which  show  clearly  the  several  items  upon 
which  the  final  determinations  are  based. 

As  a  general  result  it  will  be  observed  that  steam  power  costs  propor- 
tionately very  much  more  in  small  than  in  large  quantities.  The  great 
difference  shown  in  the  table  is  largely  due  to  the  fact  that  the  whole 
time  of  an  engineer  is  charged  to  the  cost  of  the  power  both  for  the  small 
and  the  large  engines.  In  some  kinds  of  business  the  engineer  can 
properly  have  other  duties,  which  should  be  considered.  Independent 
of  this,  however,  small  engines  and  boilers  are  much  less  economical  than 
larger  ones,  so  that  the  cost  of  fuel  is  much  larger  even  at  a  fixed  price 
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per  ton,  as  per  comparison  in  table,  whereas  commercially  the  price  of 
the  fuel  in  small  quantities  is  also  greater,  and  would  further  increase 
the  proportionate  cost.  All  other  items  of  cost  are  also  proportionally 
greater  for  small  powers.  Referring  to  the  table,  the  engines  are  rated 
by  the  dynamometric  power,  col.  1,  or  the  power  each  will  deliver  inde- 
pendent of  its  own  friction,  shown  in  col.  7  ;  which  latter  varies  from  20 
to  9^  per  cent,  of  the  indicated  power,  or  that  developed  in  the  cylinder, 
shown  in  col.  8. 

The  costs  in  feed  water  evaporated  into  steam,  per  indicated  horse 
power  per  hour,  col.  9,  and  the  weights  of  water  evaporated  per  pound 
of  coal,  col.  10,  are  mostly  based  on  experiments  made  from  time  to  time 
by  the  writer  with  engines  and  boilers  of  various  sizes,  and  correspond 
well  with  experiments  made  by  others.  From  these  the  coal  per  indicated 
horse  power  per  hour,  col.  11,  is  obtained,  and,  as  will  be  seen,  varies 
from  5.6  pounds  to  2.52  pounds,  according  to  the  size  of  the  engine.  The 
results  shown  for  the  smaller  engines  are  even  better  than  will,  on  the 
average,  be  obtained  commercially,  as  they  apply  to  the  particular  case 
of  an  engine  of  proper  size  developing  a  fixed  power  and  operating  ex- 
pansively, as  previously  explained.  In  ordinary  practice  these  engines 
are  generally  too  large  for  the  work,  and  can  rarely  be  operated  expan- 
sively, under  which  circumstances  the  amount  of  coal  used  for  the  first 
five  sizes  should  be  increased  25  per  cent. 

The  costs  in  fuel,  per  horse  power,  given  for  the  50-horse  power  non- 
condensing  engine,  can  readily  be  obtained  continuously  with  good  en- 
gines, of  from  50  to  100  horse  power,  and  are,  therefore,  correct  for  the 
particular  conditions,  but  in  average  practice  these  engines  are  often  too 
large  for  their  work,  and  an  addition  of  10  to  15  per  cent,  to  the  costs 
given  would  more  nearly  represent  ordinary  commercial  results. 

The  costs  given  for  condensing  engines  are  readily  obtainable,  but  the 
writer  once  tested  a  pair  of  100-horse  power  engines  which  required  30 
pounds  of  feed  water  per  horse  power  jjer  hour.  The  steam  was  wet 
and  the  governor  not  in  good  order,  which  explains  the  low  duty,  but 
illustrates  that  high  ones  are  not  always  obtained  in  practice.  The  table 
shows  correctly,  however,  the  cost  of  fuel  per  horse  power  in  large 
eastern  mills  with  double  condensing  engines  of  150  to  300  horse  power 
each,  the  costs  being  derived  from  the  actual  coal  consumed  and  power 
developed  for  a  series  of  years,  as  testified  to  in  court  by  seyeral  differ- 
ent parties  from  differeni  mills. 
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It  may  be  added  that  still  better  results  have  been  obtained  with  com- 
pound engines,  particularly  marine  and  pumping  engines,  but  for  mill 
purposes  the  designs  have  too  often  been  undertaken  by  incompetent 
persons,  who,  it  is  true,  caused  the  steam  to  exhaust  from  one  cylinder  to 
another,  but  neglected  details  necessary  to  success,  and  so  obtained  no 
better  results  than  those  given  with  the  better  class  of  single  engines. 

Col.  13  makes  provision  for  insurance  on  the  plant  at  the  low  rate 
attainable  by  the  mutual  plan,  and  col.  14  provides  for  taxation  at  the 
rate  named  in  the  heading. 

In  columns  15  and  17  an  attempt  is  made  to  graduate  the  pay  of  the 
engineer  and  provide  for  the  number  of  firemen  necessary  for  engines  of 
the  different  powers  mentioned,  the  engineer  acting  as  his  own  fireman 
for  the  smaller  powers.  One  fireman  is  considered  sufiicient  up  to  300 
horse  power  ;  for  400  horse  power  provision  is  made  for  a  boy  to  assist 
the  fireman,  and  for  500  horse  power  pay  for  two  firemen  is  provided. 
These  provisions  cannot  be  considered  exact  for  all  conditions,  but  ap- 
proximately show  the  law  of  decrease  of  cost  of  labor  as  the  power  is 
increased. 

The  cost  of  supplies,  viz.,  oil,  waste,  packing,  etc.,  col.  19,  was  de- 
rived from  the  reports  of  several  steam  mills.  These  items  I  find  less,  as 
they  should  be,  than  those  reported  for  short  stroke  marine  engines. 
In  col.  21  the  writer  has  adopted  the  estimate  of  the  mill  owners  as  to 
the  cost  of  the  usual  repairs. 

In  col.  23  the  operating  expenses  mentioned,  with  the  exception 
of  the  coal,  are  summed,  and  amount,  as  shown  in  col.  24,  to  ^131.13 
per  horse  power  per  year  for  the  5-liorse  power  engine,  and  $7.64  per 
horse  power  per  year  for  the  500-horse  power  engine. 

In  col.  25  are  shown  the  costs  of  the  coal  on  the  basis  of  $4.17 
per  ton,  including  cartage,  which  was  the  price  established  as  an  average 
for  a  number  of  years  at  a  particular  location  near  the  seaboard,  and  can 
readily  be  corrected  for  average  prices  at  any  other  location.  The  cost 
of  fuel,  per  table,  varies  from  $45.33  per  horse  power  per  year  for  the 
5-horse  power  engine  to  $18.02  for  the  500-horse  power  engine.  This 
item  for  the  smaller  engines  would,  in  most  cases,  need  to  be  increased, 
for  reasons  previously  mentioned. 

The  several  items  are  summed  in  cols.  27  and  28,  and  from  the  latter 
it  will  be  seen  that  the  total  cost  of  a  horse  power  for  one  year  is  $176.46 
for  the  5-horse  power  engine,  and  $25.66  for  the  500-horse  power  en- 
gine. 
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An  item  for  interest  properly  belongs  in  the  current  expenses,  but 
has  been  omitted  in  this  branch  of  the  subject,  as  it  is  complicated  with 
the  question  of  renewals.  In  most  cases  it  will  be  proper  to  charge 
simple  interest  on  the  cost  of  the  plant,  in  addition  to  a  yearly  annuity, 
which,  if  invested,  will  produce  an  amount  sufficient  for  renewal  in  a 
definite  period  of  years. 

In  the  other  branch  of  the  subject,  for  the  purpose  of  estimating  the 
present  value  of  a  horse  power  maintained  continuously,  complete  re- 
newals are  assumed  to  be  necessary  every  30  years,  when,  as  shown  in 
col.  5,  the  present  value  of  the  cost  of  renewals  on  a  6  per  cent,  basis 
becomes  21.08  per  cent,  of  the  original  cost,  and  this  summed  with 
the  ociginal  cost,  and  the  capitalization  (assumed  also  at  6  per  cent.)  of 
operating  expenses  and  of  cost  of  coal,  cols.  29  and  30,  gives  the  totals 
in  col.  31,  from  which  are  derived  the  present  values  of  the  total  cost  of 
a  horse  power  maintained  forever,  when  the  same  is  generated  in  small 
and  in  large  quantities. 

The  result  shows  that  steam  power  in  sufficient  quantity  may  be 
maintained  forever  by  an  outlay  of  $660  per  horse  power,  a  portion  of 
which  would  be  expended  for  plant,  and  the  balance  invested  to  provide 
for  operating  expenses  and  renewals. 

It  thus  appears  that  for  ruling  prices  given,  water  power  cannot  com- 
pete with  steam  power  when  the  present  value  of  all  proposed  improve- 
ments, together  with  the  capitalization  of  the  cost  of  repairs  and  renewals, 
exceeds  $660  per  horse  power.  Even  then  the  water  power  should  be 
continuous  the  year  round,  or  a  duplicate  plant  may  be  necessary,  and 
the  justifiable  amount  for  permanent  improvements  to  secure  water 
power  be  greatly  diminished. 

In  this  connection,  a  brief  extract  from  a  memorandum  of  the  writer 
on  the  subject  will  probably  be  of  interest. 

The  value  of  a  waterfall  in  a  given  location  for  power  purposes  de- 
pends upon  a  variety  of  conditions,  such  as  the  cost  of  permanent  plant 
to  make  the  power  available,  the  quantity  of  power  that  can  be  obtained 
compared  with  the  work  to  be  done,  and,  in  a  very  important,  if  not  the 
most  important  degree,  upon  the  reliability  of  the  power  throughout 
the  entire  year  and  continuously  for  a  series  of  years. 

For  a  country  saw-mill  operated  by  men  having  other  duties  at  times, 
a  simple  torrent,  dry  or  nearly  so  at  times  during  the  summer,  will 
answer  very  well.     The  farmers'  boys  can  get  in  their  harvests  in  the  dry 
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season,  get  out  and  haul  logs  before  the  snow  melts,  and  saw  them  by 
the  water  power  when  the  stream  is  full.  Everything  is  of  the  simplest 
description ;  no  labor  is  left  idle,  and  the  cost  of  the  whole  plant  is  so 
small  that  the  mill  may  be  unused  for  long  periods  without  a  loss  worthy 
of  consideration. 

Such  a  state  of  things  is  not  possible  with  the  manufacturing  in- 
terests of  modern  times.  Large  contracts  are  to  be  filled  ;  large  num- 
bers of  operatives  are  employed,  skilled  only  in  particular  branches  of 
the  particular  work  done  ;  hundreds  of  thousands  of  dollars  of  capital 
are  invested — the  mills  cannot  be  stopped  if  the  owners  hope  to  com- 
pete with  others  doing  business  in  a  business  way .  If  the  water  power 
fails  for  a  season,  steam  is  employed,  and  indeed,  from  its  greater  relia- 
bility, steam  is  used  exclusively  in  many  cases  in  successful  competition 
with  water  power.  Even  the  country  saw-mills  are  giving  way  in  many 
localities  to  a  steam  mill  in  the  woods  close  to  the  logs,  using  the  slabs 
for  fuel,  and  teaming  out  only  finished  lumber. 

The  value  of  a  water  power  is  then  most  readily  measured  by  the  cost 
of  the  same  amount  of  steam  power.  The  comparison  naturally  re- 
solves itself  into  a  progressive  series  from  full  water  power  to  full  steam 
power,  which  may  be  briefly  stated  as  follows  : 

I.  Water  power  is  most  valuable  when  there  is  an  ample  supply  at  all 
times  ;  that  is,  when  water  is  abundant  and  cheap.  Even  if  there  be 
a  small  diminution  for  a  small  portion  of  the  year,  a  part  of  the  ma- 
chinery and  capital  must  be  idle,  and  the  output  and  profits  of  the  es- 
tablishment be  proportionately  reduced. 

II.  Water  power  ceases  to  be  of  considerable  value  when  the  varia- 
tions in  the  power  available  form  a  considerable  proportion  of  the  total 
power  required.  Manufacturers  in  such  locations,  in  order  to  furnish 
products  to  compete  with  others,  are  forced  to  use,  in  addition  to  the 
water,  steam  power  amply  sufficient  to  supply  all  deficiencies.  When 
the  variations  are  large,  the  steam  power  becomes  the  main-stay,  and  the 
water  is  used  simply  to  save  fuel.  The  water  power  is  less  valuable  than 
in  previous  cases,  because  the  plant  for  two  difi'erent  systems  must  be 
constructed  and  maintained. 

III.  The  only  remaining  step  is  to  discard  the  water  power  altogether. 
When  such  power  is  very  unreliable,  the  interest  on  the  plant  and  cost 
of  maintenance  will  equal,  or  nearly  equal,  the  cost  of  the  fuel  necessary 
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to  produce  the  same  power,  and  the  reliability  of  the  steam  makes  it  the 
more  desirable,  and  it  becomes  the  sole  dependence. 

Again,  in  cotton  and  woolen  mills  steam  is  required  for  other  pur- 
poses than  power,  such  as  heating  the  mills,  drying  the  yarn,  boiling 
starch,  dyeing,  &c.,  which  makes  some  steam  plant  necessary  in  any  case; 
and  as  in  most  locations  all  these  operations  can  be  preformed  by  exhaust 
steam,  all  the  power  obtained  from  the  steam  which  is  used  the  second 
time  practically  costs  nothing  compared  with  water  power,  which  reduces 
the  relative  value  of  water  power,  even  under  the  most  favorable  con- 
ditions referred  to  in  division  I,  above. 

Of  course,  in  all  cases  the  original  cost  of  plant  and  expenses  of 
maintaining  the  same  must  be  considered  with  relation  to  the  water 
power  as  well  as  the  steam,  and  when  steam  is  used  in  connection  with 
water  power,  the  latter  must  be  charged  as  much  as  ever  with  the  cost 
of  the  dams,  head  and  flood  gates,  races,  flumes,  water-wheels,  &c.,  and 
the  danger  from  floods  and  cost  of  repairs  and  renewals  will  not  be 
lessened  in  the  slightest  degree. 


DISCUSSION. 

James  B.  Fkancis,  M.  Am.  Soc.  C.  E. — In  the  paper  read  by  Mr. 
Emery,  reference  is  made  to  a  hearing  before  referees  for  the  settlement 
of  damages  for  the  diversion  of  water  from  certain  factories  in  which  it 
had  been  used  as  motive  power.  I  happened  to  be  one  of  the  referees 
in  that  case,  and  the  paper  is  substantially  the  same  as  one  submitted 
by  him,  as  an  expert,  at  that  hearing.  The  question  in  reference  to 
which  it  was  then  submitted  was  the  cost  of  supplying,  perpetually, 
an  amount  of  steam  power  equivalent  to  that  given  by  the  water 
diverted.  One  important  element  in  the  cost  is  the  periodical  re- 
newal of  the  plant,  the  allowance  to  be  made  for  which  depends 
on  the  length  of  time  assumed  for  the  successive  renewals.  In  the 
question  before  the  referees  the  time  should  be  that  in  which  the  plant 
from  ordinary  wear  would  become  unprofitable  to  use  ;  renewals  usually 
are  made  from  other  causes,  notably  from  a  greater  power  being  wanted 
or  from  the  desire  to  adopt  modern  improvements,  resulting  in  greater 
economy,  neither  of  which  could  be  properly  considered  in  this  case.  In 
Mr.  Emery's  paper  thirty  years  is  assumed,  but  the  data  for  it  appear  to 
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be  very  vague,  and  it  was  one  of  the  most  troublesome  questions  on  which 
the  referees  had  to  pass.  If  any  of  the  members  can  throw  any  light 
upon  it,  I,  for  one,  should  be  much  pleased  to  hear  from  them. 

E.  D.  Meiee,  M.  Am.  Soc.  C.  E.— The  schedule  states  the  charge 
for  firemen  for  running  a  400  horse  power  engine  to  be  ^2. 25  per  day  ; 
and  for  running  a  500  horse  power  engine  $3  per  day. 

I  am  inclined  to  think  that  on  the  larger  engines,  say  from  250-horse 
power  up,  the  price  given  in  this  schedule  for  a  fireman  is  too  low.  I 
should  say  that  for  a  400  horse  power  engine,  even  at  the  low  rate  at 
which  this  table  is  figured,  about  2.8  pounds  of  coal  per  horse  power  per 
hour  (which,  I  suppose,  is  only  possible  for  anthracite  coal,  and  must 
be  so  intended),  that  the  400-horse  power  would  require  two  firemen  and 
the  500-horse  power  engine  about  three,  and  good  men  at  that,  worth  not 
less  than  $1.50  per  day  each. 

Mr.  J.  F.  HoLLOWAY. — Availing  myself  of  the  kind  invitation  ex- 
tended by  the  Society,  I  would  say  that  the  history  of  the  steam  engine 
in  this  country  does  not  cover  a  very  great  length  of  time  ;  and  we  all 
know  that  within  the  past  thirty  years  there  have  been  great  changes  both 
in  regard  to  the  generation  as  well  as  the  use  of  steam  ;  and  it  would  seem 
from  our  short  experience  in  the  past  quite  impossible  for  any  one  to 
predict  what  may  be  the  changes  and  improvements  in  the  next  thirty 
years.  Dnring  the  five,  ten  or  fifteen  years  past,  very  many  radical 
changes  have  taken  place  in  the  construction  of  boilers,  valves,  govern- 
ors, and  all  the  various  appliances  pertaining  to  the  steam  engine,  and  it 
would  be  a  rash  undertaking  for  any  one  to  prophesy  what  the  next  thirty 
years  may  do  for  it;  that  being  so,  I  cannot  see  how  one  can  safely  pre- 
dict what  the  cost  of  renewals  may  be. 

It  may  be,  and,  indeed,  it  is  quite  probable,  that  very  many  persons 
now  using  engines  will  find,  within  the  next  ten  or  fifteen  years,  suffi- 
cient reason  to  warrant  them  in  changing  their  entire  plant. 

I  think  that  we  have  not  as  yet  had  a  sufficient  length  of  time  to  estab- 
lish data  by  which  to  estimate  with  accuracy  the  time  in  which  renewals 
must  of  necessity  be  made. 

Chas.  E.  Emery,  M.  Am.  Soc.  C.  E. — If  there  be  no  further  ques- 
tions, I  will  say,  first,  in  regard  to  the  time  that  should  be  reckoned 
for  complete  renewal,  that  there  is  a  fairly  good  allowance  made  for  re- 
pairs, which  will  cover,  not  entire  renewals,  but  certainly  keep  the  boil- 
ers in  good  condition,  and  meet  the  cost  of  new  packing,  repairing  valves, 
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etc.  There  are  plenty  of  engines  in  the  country  thirty  years  old,  and 
running  apparently  as  well  as  when  new.  There  are  not  so  many  boilers, 
but  yet  the  boilers  in  many  cases  last  as  long  as  that.  In  this  particular 
case  the  expert  on  the  other  side  had  made  his  estimate  for  renewal  every 
thirty  years,  and  this  not  being  questioned  by  the  mill-owners  could  not 
well  be  by  the  city.  It  is  fair  to  say,  though,  and  the  referees  discerned 
it,  too,  that  this  time  is  probably  longer  than  it  should  be  for  an  average. 
I  think  it  would  be  more  fair  for  ordinary  practice  to  take  about  twenty. 
The  engines  last  much  longer  than  that  on  the  average,  for  if  one  be  re- 
moved on  account  of  improvements,  increase  of  plant,  &c.,  it  generally 
goes  into  some  other  place  and  is  used  over  again,  and  may  have  a  run 
in  all  of  forty  years  or  more.  The  boilers,  however,  do  not,  on  the  average, 
last  more  than  twenty  years,  and  when  of  a  peculiar  kind  may  be  removed 
much  sooner.  The  ordinary  tubular  boiler  remains  in  use  sometimes  for 
thirty  years,  and  many  boilers  are  now  in  good  condition  which  are  over 
twenty  years  old. 

More  frequent  renewals  would  simply  affect  the  calculations  given  in 
col.  5  of  table,  and  correspondingly  change  the  final  summations. 
For  renewal  every  thirty  years,  the  present  value  is  a  little  over  21  per 
cent,  of  the  original  cost.  This  would  be  increased  to  45.31  per  cent, 
for  renewal  every  twenty  years.  ^ 

In  discussing  the  matter  with  one  of  the  referees  after  the  award,  I 
found  that  they  had  used  a  short  period  for  renewal,  on  account  of 
the  circumstances  at  that  particular  locality.  The  mill  owners  were 
overworking  the  engines,  breakdowns  were  frequent,  and  renewals  re- 
quired every  few  years.  Such  conditions  would  not  apply  where  parties 
started  out  in  business  to  construct  a  cotton  mill  with  a  certain  number 
of  spindles,  or  a  flouring  mill,  with  a  given  number  of  run  of  stone, 
and  put  in  the  power  to  correspond. 

Eeferring  to  Mr.  Holloway's  remarks  as  to  the  impossibility  of  cal- 
culating the  improvements  in  steam  engines,  I  have  thought  of  the 
subject  a  great  deal,  but  I  am  not  aware  of  very  many  improvements  in 
the  steam  engine  for  the  last  twenty  or  thirty  years.     They  are  changing 


*  If  X  =  present  value  in   relation  to  principal  and  n  =  no.  years,  for  compounding 
.yearly  at  6  per  cent. : 

X  (1.06)  **  =  1  +  X 
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its  form,  they  are  putting  in  novelties  in  detail,  but  the  results  that  we 
obtain  are  the  same,  pretty  nearly,  as  those  from  the  original  Corliss 
engine.  The  trouble  is  that  very  much  which  is  called  improvement  of 
the  steam  engine  is  merely  a  change  of  shape  ;  it  is  like  getting  the  gas- 
into  a  building  by  starting  at  one  side  and  branching  toward  the  other, 
or  by  running  around  in  another  direction.  It  is  very  unfortunate  to 
have  to  say  so,  but  the  greater  part  of  the  duties  of  the  engineer  of  the 
present  day,  particularly  in  regard  to  steam  machinery,  is  to  throw  out 
as  worthless  or  unnecessary  most  of  the  novelties,  and  retain  most  of  the 
old  devices,  rather  than  to  take  up  something  grand  and  new — some 
improvement  which  will  make  a  very  great  advance  and  a  very  important 
change  in  the  amount  of  fuel  consumed  per  horse  power. 

The  calculations  are  based  upon  $1.50  per  day  for  each  fireman. 
This  would  be  ^3.00  per  day  for  firemen  for  a  500-horse  power  engine, 
as  it  would  generally  be  too  much  work  for  one  fireman.  For  the  400- 
horse  power  engine,  allowance  was  made  for  a  boy  to  assist  one  fireman. 
It  is  very  difficult  to  make  perfect  gradations  in  an  estimate  of  this  kind. 
When  there  is  a  little  more  work  than  can  be  attended  to  by  one  or  two 
men,  it  is  customary  to  put  in  helpers  at  cheaper  rates. 

I  think  I  have  answered  the  questions  so  far  as  presented. 

J.  P.  Feizell,  M.  Am.  Soc.  C.  E. — What  was  the  estimate  of  the 
length  of  time  per  day  these  engines  were  to  be  run  ?   , 

Mr.  Emeey. — That  is  mentioned  in  one  of  the  headings  ;  see  col.  12. 
*'  Total  coal  per  day  of  ten  hours,  with  one-eighth  added  for  starting  and 
banking  fires." 

Mr.  Feizell. — It  is  customary  in  this  country  for  flouring  mills  to 
run  night  and  day. 

Mr.  Emeey. — That  would  take  off  the  one-eighth,  but  it  might  intro- 
duce another  element,  for  the  machinery  could  not  be  kept  in  quite  as 
good  order  when  they  run  so  many  hours  in  the  week. 

The  custom  in  the  flouring  mills  in  the  East  is  to  run  from  about  4 
o'clock  Monday  morning  to  about  8  o'clock  Saturday  evening.  This 
gives  a  little  opportunity  for  repairs  at  night,  and  they  sometimes  make 
Saturday  night  very  long  indeed. 

Mr.  FEizELii. — The  only  time  they  get  to  make  repairs  here  is  on 
Sanday. 

Mr.  Emeey.  — I  suppose  the  same  thing  is  done  elsewhere.  It  is  notj. 
always  mentioned  in  that  way,  though. 
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Mr.  Hollow  AY. — I  might  add,  by  way  of  explanation,  that  while  1 
would  very  likely  agree  with  Mr.  Emery  in  regard  to  what  have  been  the 
real  improvements  in  steam  engineering  in  the  past  thirty  years,  still, 
when  I  speak  of  renewals,  I  include  those  instances  in  which  a  glibly 
talking  agent  comes  to  a  proprietor  with  a  new  style  of  engine,  or  some 
new  device  for  generating  steam,  and  by  the  magic  of  his  eloquence  in- 
duces him  to  change  his  engine  on  account  of  some  supposed  improvement, 
although,  as  suggested,  the  improvement  may  be  like  that  of  bringing 
gas  into  a  house  from  some  other  direction.  I  claim  that  if  the  proprie- 
tor does  make  the  change  in  his  engine,  or  in  parts  of  it,  it  is  really  a 
renewal  just  as  much  as  if  he  had  worn  out  his  old  engine,  even  if  he 
does  not  realize  the  improvement  he  was  led  to  expect. 
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THE    SHUBENACADIE    CANAL. 


By  E.  H.  Keating,  M.  Am.  Soc.  C,  E. 
Read  November  21st,  1883. 


This  undertaking,  although  it  has  so  far  proved  an  utter  failure  in 
•every  respect,  was  at  its  inception  deemed  of  the  utmost  importance  to 
the  trade  and  prosperity  of  the  city  of  Halifax.  Its  promoters  were 
among  the  leading  men  of  the  country ;  and  it  is  stated  that  they  were 
supported  in  their  sanguine  views  by  the  most  prominent  English  engi- 
neer of  the  past  generation. 

It  is  therefore  thought  that  a  brief  account  of  this  work  may  be  of 
interest,  and  that  it  should  be  a  valuable  lesson  to  engineers  to  be 
extremely  cautious  as  to  how  they  endorse  the  opinions  of  other  men 
before  making  the  fullest  inquiry  into  the  correctness  of  the  data  upon 
which  those  opinions  may  have  been  founded. 

The  project  was  to  open  communication  by  water  across  the  centre  of 
the  province  of  Nova  Scotia,  from  Halifax  harbor  to  the  Basin  of  Mines, 
an  arm  of  the  Bay  of  Fundy. 
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The  chief  objects,  as  set  forth  by  the  company  which  undertook  the 
construction  of  the  canal,  were  : 

1.  To  establish  inland  trade  and  develop  the  resources  of  the  interior. 

2.  To  enable  Halifax  more  fully  to  participate  in  the  trade  of  the 
ports  and  districts  around  the  shores  of  the  Bay  of  Fundy  and  its 
branches,  by  avoiding  the  long,  and  sometimes  dangerous,  sea  voyage 
otherwise  necessary. 

3.  To  afford  means  for  the  expeditious  transport  of  troops  and 
materials  of  war  from  Halifax  to  New  Brunswick  and  Canada.  It  was 
stated  that  this  object  would  not  be  fully  attained  (at  least  as  far  as 
Canada  was  concerned)  until  the  completion  of  the  Bay  Verte  Canal, 
connecting  the  Bay  of  Fundy  with  Northumberland  Strait,  in  the  Gulf 
of  St.  Lawrence. 

4.  It  was  also  thought  that  the  canal  would,  in  some  mysterious  way, 
give  an  important  impetus  to  the  West  India  trade . 

The  works  were  commenced  by  the  Shubenacadie  Canal  Company 
in  1826  with  a  capital  of  *£60  000  (subject  to  be  increased)  and  a  dona- 
tion from  the  local  Legislature  of  £15  000.  In  1829  the  Government 
granted  a  further  concession  to  the  company  in  the  shape  of  an  annuity 
of  £1  500  for  ten  years. 

In  a  printed  statement  of  the  company,  issued  May  20th,  1829,  the 
total  estimated  cost  was  placed  at  £66  750  6s.  Od.,  although  it  seems 
strange  that  in  the  same  document  appear  the  estimates  of  the  engineer 
(Mr.  Francis  Hall)  for  the  different  sections,  which,  if  added  together, 
amount  to  £90  818  16s.  6d. 

The  design  of  the  canal  was  as  follows  (see  Plate) : 

Length  of  navigation  from  Halifax  harbor  to  the  mouth  of  the  Shu- 
benacadie Eiver,  in  the  Basin  of  Mines,  53  miles  1  024  yards. 

Fifteen  locks,  each  87  feet  by  22  feet  6  [inches,  capable  of  taking 
vessels  drawing  8  feet  of  water. 

The  artificial  works  to  occupy  only  2  739  yards  of  the  whole  line  ;  the 
remainder  to  be  formed  by  lakes  and  the  Shubenacadie  Eiver. 

The  aggregate  lockage  from  the  tide-waters  at  )  Ascending,  95'  10" 
Halifax  harbor  to  medium  high  tides  in  the  Basin  V  Descending,  95'  4" 
of  Mines,  )  Total,     -      191'~2^ 

The  navigation  throughout  was  intended   to  accommodate  vessels 


*  The  £  referred  to  is  the  late  Nova  Scotia  pound   currency,  equal  to  four-fifths  of  a. 
pound  sterling. 
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•drawing  8  feet  of  water,  and  it  was  stated  that  the  depth  of  water  might 
be  increased,  at  comparatively  small  outlay,  so  that  vessels  of  11  feet 
draught  could  pass  through. 

It  may  be  of  interest  to  know  that  the  consideration  of  *'this  under- 
taking, with  all  its  details,"  was  submitted  to  Thomas  Telford,  the 
founder  of  the  Institution  of  Engineers  ;  and  in  the  published  state- 
ment previously  alluded  to,  it  is  asserted  that  "  his  report,  founded 
upon  a  minute  investigation  of  the  whole  subject,  pronounces  his  most 
favorable  opinion  of  the  proceedings  and  objects  of  the  company."  That 
Mr.  Telford  had  confidence  in  the  success  of  the  scheme  would  appear 
from  the  fact  that  his  name  appears  on  the  list  of  shareholders  for  £450. 
He  did  not,  however,  visit  the  country,  and  it  must  be  presumed  that  he 
had  no  means  of  forming  an  opinion  other  than  the  representations  of 
those  deeply  interested  in  the  undertaking — his  employers  —whose  cal- 
culations ultimately  proved  fallacious. 

The  probable  annual  revenue,  "on  the  lowest  estimate,"  which  the 
company  considered  would  be  forthcoming  shortly  after  opening  the 
canal  to  traffic,  was  as  follows  : 

"For  Descending  Freight. 

"Timber  and  spars,  plank,  boards,  &c.,  shingles,  laths,  staves, 
wharf  logs,  wood  for  fuel,  tanner's  bark,  &c.,  of  the  value  of 
£20  000,  at  15  per  cent £3  000 

"Gypsum  and  freestone,  building  materials,  lime  and  bricks,  of 

the  value  of  £12  500,  at  10  per  cent 1  250 

*'Hay  and  straw,  salted  provisions,  flour  and  meal,  grain,  fruit, 
roots,  cattle,  and  other  agricultural  produce,  of  the  value  of 
£40  000,  at  5  per  cent 2  000 

"Foe  Ascending  Freight. 
*' Pickled  and  salted  fish,  West  India  produce,  British  and  East 
India  merchandise,  &c.,  of  the  value  of  £74  000,  at  2^  per 
cent 1  850 

"Amount  of  annual  income £8  100 

"  It  thus  appears  that,  under  a  very  low  rate  on  the  value  of  the  above 
articles  alone,  a  revenue  equal  to  10  per  cent,  on  the  capital  of  the  com- 
pany (£60  000)  may  be  soon  anticipated,  after  making  a  large  allowance 
lor  repairs,  additions,  and  the  expense  of  management. 
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"  Yet,  in  the  above  estimate,  neither  vessels  or  passengers,  coaU  nor  a 
variety  of  other  articles  are  included.  Slate  alone,  it  is  believed,  will, 
when  the  quarries  are  fully  worked,  be  productive  of  tolls  to  the  extent 
•of  between  £2  000  and  £3  000  per  annum." 

The  above  quotations  from  the  company's  statement  will  give  some 
idea  of  the  nature  and  extent  of  the  anticipated  traffic  through  the  canal, 
which,  however,  was  never  realized  in  the  smallest  degree. 

Up  to  the  close  of  1831,  £72  000  had  been  expended  upon  the  works. 
Some  of  the  locks  near  Halifax  had  not  then  been  commenced,  and 
much  expensive  work  remained  to  be  done  elsewhere  on  the  line.  All 
ihe  available  capital  being  exhausted,  the  works  were  abandoned  for  the 
time  and  rapidly  fell  into  ruin.  They  never  were  completed  on  the 
original  plans. 

The  canal  was  sold  under  a  foreclosure  of  mortgage,  in  1851,  for  a 
•debt  of  £20  000 — money  advanced  to  the  company  by  the  British  Govern- 
ment, under  certain  conditions,  which  were  not  fulfilled — and  passed 
into  the  hands  of  the  Provincial  Government.  After  having  kept  the 
property  idle  upon  their  hands  for  three  years,  the  Government  sold  it 
in  June,  1854,  to  the  "Inland  Navigation  Company."  In  1856,  this 
company  employed  an  American  engineer,  Mr.  W.  H.  Talcott,  to  report 
upon  a  scheme  for  completing  the  works  on  a  very  much  smaller  scale 
than  was  at  first  proposed.  The  project  now  entered  upon  was  to  make 
a  canal  for  boats,  66  feet  in  length  by  16^  feet  in  width,  drawing  4 
feet  of  water  ;  to  dispense  with  five  continuous  locks  at  Dartmouth,  at 
the  Halifax  end,  and  to  substitute  an  inclined  plane  with  a  lift  of  55  feet, 
and  a  similar  plane  of  33  feet  lift  at  Porto  Bello,  each  to^be  worked  by 
hydraulic  machinery . 

Mr.  Talcott's  estimate  for  completing  the  works  on  this  plan  was 
^69  000.  His  report,  strongly  in  favor  of  the  scheme,  was  a,dopted,  and 
the  canal  was  opened  for  traffic  on  this  basis  in  1862.  The  cost,  how- 
ever, proved  to  be  about  $200  000. 

This  company,  known  in  1863  and  subsequently  as  "The  Lake 
and  River  Navigation  Company,"  undertook  the  operation  of  the  traffic. 
As  a  commercial  enterprise,  the  diminished  canal  proved  a  dreadful 
failure.  Things  were  no  better  under  the  administration  of  the  new  com- 
pany than  they  had  been  with  others.  The  canal  was  not  of  sufficient 
<japacity  to  accommodate  coasting  vessels,  or  to  draw  that  trade  which  it 
otherwise  might  have  taken.     The  endeavor  was  made  to  keep  it  open 
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until  the  year  1870,  when  the  whole  of  the  works,  lands  and  privilege* 
were  sold  to  a  private  individual  for  $50  000.  Since  that  date  no  trade 
of  any  kind  has  been  carried  on  through  the  canal. 

The  greatest  receipts  in  tolls  for  any  one  year  never  exceeded  $3  000, 
and  in  1870  they  had  fallen  off  to  $900.  The  opening  up  of  railways 
throughout  the  Province  undoubtedly  contributed  to  this  result,  and  to 
the  failure  of  the  scheme. 

This  communication  is  accompanied  with  a  lithographed  plan  and 
plate  profile  of  the  works  (Plate  XXIX). 


\ 
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ON   THE   NASMYTH   PILE    DRIVER. 
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Having  used  the  Nasmyth  steam  hammer  in  driving  piles  in  foun- 
dations for  masonry  at  the  La  Crosse  and  Sabula  bridges  and  for  eleva- 
tor foundations  in  Milwaukee,  it  may  be  proper  for  me  to  testify  that  in 
my  opinion  no  engineering  plant  is  complete  that  does  not  include  this 
appliance,  and  I  fully  indorse  all  that  was  written  in  its  favor,  over 
thirty  years  ago,  by  Wm.  J.  McAlpine,  Past-President  of  this  Society, 

I  wish  to  present  some  evidence  of  how  far  the  effectiveness  of  this 
machine  is  dependent  on  keeping  a  firm  head  to  the  pile.  Whenever 
the  head  of  the  pile  becomes  broomed  from  repeated  blows  of  the  ham- 
mer,  though   this  brooming  may  not  extend  to  a  greater  depth  than 
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from  one-half  to  one  inch,  the  useful  effect  of  the  blow  is  partly  lost 
through  the  extreme  elasticity  at  the  pile  head.  The  following  data  as 
to  the  driving  of  a  green  Norway  pine  pile  at  Sabula  illustrates  how  far 
this  obtains.  The  pile  was  brought  to  its  position  between  the  leaders 
and  dropped  through  10  feet  of  water  and  penetrated  the  silt  of  the  river 
bottom  to  a  depth  of  2  feet,  and  then  the  hammer  commenced  its  work  : 

The    3d  foot  of  penetration  required        5  blows 
u      4^]^     a  <<  ««  15       «' 

"  5th  *'  •*  "  20  '' 

a  6th  "  "  "  29 

«<  7tli  «'  "  "  35  " 

ic  8tii  ««  '«  "  46  " 

"  9th  *'  "  "  61  '' 

a  loth  "  "  "  73  '' 

«*  11th  ''  "  "  109  " 

*<  12th  *'  '*  "  153  " 

"  13th  "  *'  "  257  *' 

«<  14th  "  •«  "  684  " 

Head  adzed  off. 

*'    15th  foot  of  penetration  required  275  " 

<«    16th     "  "  ''  572  " 

*■'    17th     '•  "  "  832  " 

♦'    18th     "  "  "  825  '' 

Head  sawed  off. 

♦*    19th  foot  of  penetration  required  213       " 

"    20th     "  "  **  275 

*'    21st     "  •'  '*  371       '* 

,1    22d      "  "  "  378       '• 


Total  number  of  blows,  5  228 

A  pile  of  about  the  same  size  as  the  one  mentioned  above,  driven 
near  the  same  locality  and  to  the  same  depth,  but  with  no  adzing  or 
sawing  off  the  head  during  driving,  required  9  923  blows.  The  ram 
weighed  2  800  lbs.  and  dropped  36  inches,  65  times  per  minute. 

At  Sabula,  about  2  per  cent,  of  the  700  piles  driven  by  this  appli- 
ance ruptured  slightly,  just  below  the  ring  support  at  the  head  of  pile, 
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and  the  friction  produced  by  the  wood  fibres  working  on  each  other 
under  the  repeated  blows  of  the  ram  was  sufficient  to  ignite  and  burn 
the  heart  of  the  head  of  the  pile  quite  across,  as  will  be  seen  by  an 
examination  of  the  specimen  now  exhibited. 

I  add  one  other  remark.  This  machine  is  being  manufactured  and 
is  called,  by  the  manufacturer,  after  an  individual  who  has  added  several 
perhaps  very  important  minor  details,  that  have  made  it  a  little  more 
practicable  than  it  was  thirty  years  ago.  But  wherever  the  members  of 
the  American  Society  of  Civil  Engineers  witness  the  operations  of  this 
machine,  I  desire  that  they  shall  not  drop  the  name  of  the  Scotchman 
who  is  its  inventor — James  Nasmyth. 
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VIBRATION,    OR    THE  EFFECT   OF  PASSma  TRAINS 

ON  IRON  BRIDGES,  MASONRY  AND 

OTHER  STRUCTURES. 


By  James  L.  Randolph,  M.  Am.  Soc.  C.  E. 
Read  Septembee  5th,  1883. 


^VITH    DISCUSSION. 


Having  been  for  some  time  observing  the  effect  of  passing  trains  on 
iron  bridges,  I  have  decided  to  commit  to  paper  certain  views  originating 
from  such  observations  and  submit  them  to  criticism,  in  order  that  their 
truth  or  error  may  be  elucidated. 

I  suppose  all  have  noticed  that  cattle  stops  and  open  culverts  under 
railroad  tracks,  where  built  of  rubble-work,  soon  have  their  walls  shaken 
to  pieces  by  the  vibrations  produced  by  passing  trains.  To  avoid  this,  I 
have  been  building  such  structures  as  bridge  masonry  with  large,  heavy 
stone.  Our  double-track  bridges  are  moved  in  the  direction  of  passing 
trains,  consequently  are  twisted  and  a  strain  produced  on  some  of  the 
members  which  has  not  been  provided  for. 

The  rails  in  the  track  on  single-track  bridges  are  moved,  but  so  nearly 
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restored  to  their  position  by  the  trains  in  the  opposite  direction  that  no 
inconvenience  is  occasioned  except  on  grades. 

Our  tall,  thin  piers  and  the  heads  of  T  abutments,  on  which  iron 
bridge  superstructure  rests,  have  the  stone  of  which  they  are  built  so 
much  disarranged  by  this  vibration  as  to  make  it  necessary  to  secure 
them  with  timber  and  iron,  to  strap  them  up. 

Our  trestle  bridge  at  Harper's  Ferry,  in  the  course  of  several  years, 
was  moved  4  inches  toward  the  river,  so  much  that  it  was  necessary  to  re- 
adjust and  replace  it. 

The  explanation  of  these  results  seems  to  me  to  be  as  follows  : 

The  small  walls  in  open  culverts  and  cattle  stops  having  usually  been 
composed  of  stone,  irregular  in  size  and  shape,  receive  and  transmit  the 
vibrations  from  the  trains  in  different  times  and  directions,  depending 
upon  their  size,  shape  and  position.  On  account  of  the  expansion  and 
contraction  of  the  stone  (without  which  they  would  be  inelastic),  this 
vibration  drives  the  outer  stone  in  the  direction  of  least  resistance 
and  down  the  inclined  surface,  which  may  be  below  it,  finally  out  of 
the  wall,  there  being  no  power  to  force  a  stone  up  an  inclination  to  its 
first  position. 

The  remedy  is  to  build  such  structures  of  large  stone,  as  nearly  the 
same  size  as  possible,  so  that  the  vibrations  would  be  in  the  same  time. 

A  monolith  would  be  better  for  the  wall,  but  not  so  good  for  the 
machinery  or  bridge,  for  the  vibration  or  the  return  blow  from  so  heavy 
a  mass  would  act  on  the  structure  above  as  the  anvil  on  the  sledge. 
The  bank,  behind  the  above-mentioned  walls,  confines  their  action  to 
one  direction,  but  in  tall  thin  piers  this  action  may  take  place  in  every 
direction,  and  where  set  on  a  solid  rock  foundation  the  return  blow  from 
this  heavy  elastic  mass  meets  a  fresh  blow  from  the  engine  and  train, 
the  resolution  of  which  forces  being  at  right  angles,  or  in  the  line  of 
least  resistance,  the  stones  near  the  middle  of  the  wall  are  forced  out  of 
place.  There  is  no  force  acting  in  the  direction  to  return  them,  but 
particles  of  mortar  falling  in  the  cracks  behind  them  would  prevent 
their  return  if  there  was  such  a  force. 

We  strap  them  up  with  beams  of  wood  and  bars  of  iron,  preventing 
further  serious  movement. 

Iron  bridges  resting  on  stone  pedestals  are  vibrated  in  this  manner, 
receiving  a  return  blow  from  the  pedestal  which,  in  very  heavy  struc- 
tures, seems  to  be  absorbed. 
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In  light  structures  this  vibration  is  felt  and  transmitted  to  the 
pedestal,  but  these  two  materials,  iron  and  stone,  being  of  different 
elasticity,  do  not  vibrate  in  the  same  time,  so  that  there  must  be  periods, 
however  short,  when  they  are  not  in  contact ;  a  continued  impetus  in  the 
same  direction,  during  these  periods,  must  result  in  a  movement  in  the 
direction  of  the  force. 

The  Harper's  Ferry  trestle  bridge  is  composed  of  girders,  supported 
at  each  end  by  cast-iron  posts  set  on  stone  blocks,  set  at  right  angles  to 
the  road ;  these  girders  support  the  ends  of  stringers  on  which  the 
cross-ties  are  placed.  This  trestle  forms  the  approach  to  the  bridge  over 
the  Potomac  Kiver.  There  is  but  one  track  on  the  bridge,  which  is  the 
north  track,  on  which  trains  go  west,  and  is  of  course  on  the  river  side 
of  the  trestle  approach.  This  track  is  straight  along  the  river,  and 
makes  a  strong  curve  on  to  the  bridge.  On  the  straight  portion  of  it, 
the  south  track,  for  trains  going  east,  makes  connection  with  it,  conse- 
quently every  train  going  east  gives  this  trestle  bridge  an  impetus 
towards  the  river,  in  passing  from  the  south  to  the  north  track. 

The  cast-iron  posts  under  the  ends  of  the  girders,  vibrating  in  different 
times  from  the  stone  blocks,  on  account  of  difference  in  elasticity,  would 
lose  contact,  be  separated  for  infinitely  short  spaces  of  time,  when  being 
under  constant  pressure  in  the  same  direction,  would  not  return  to 
exactly  the  same  position.  This  resulted  in  a  movement  of  4  inches 
in  about  4  years.  I  could  account  for  the  movement  which  did  take 
place  in  no  other  way.  I  therefore  put  a  piece  of  plank  from  1  to  2 
inches  thick  between  the  stone  and  iron,  reasoning  that,  as  it  was  of 
different  elasticity  from  either  stone  or  iron,  it  would  remain  in  contact 
with  both.  This  was  4  years  ago,  and  there  has  been  no  movement 
since 

I  have  set  all  iron  bridges  of  100  feet  span  and  under  on  wooden 
wall  plates,  and  no  movement  has  been  observed  in  them. 

Where  I  had  solid  rock  foundations,  sufficiently  under  water  to 
insure  its  being  always  wet,  I  have  put  a  platform  of  timber  under 
piers  and  other  masonry  which  has  to  carry  iron  superstructure ;  I  can 
observe  no  displacement  of  stone  in  such  structures. 

My  theory  is,  that  the  stone  being  nearly  uniform  in  size,  the  vibra- 
tions in  each  will  be  in  the  same  time,  and  that  when  these  vibrations 
reach  the  timber  they  will  be  absorbed,  and  not  return  from  the  rock  to 
meet  succeeding  vibrations.     There  can  be  little  or  no  elasticity  in  the 
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timber  under  the  pressure  of  the  masonry  ;  or,  if  there  is,  there  is  not 
weight  enough  to  give  a  return  blow,  and  whatever  vibrations  may  be 
carried  through  it  are  in  different  times  with  what  may  be  given  to  and 
received  from  the  solid  rock  foundation  ;  there  are  none  to  return  up 
the  pier  to  meet  others  coming  down,  thus  removing  the  cause  of  the 
displacement  of  stone  in  thin  piers  and  other  masonry  subjected  to  the 
action  of  moving  bodies. 

The  masonry  of  open  culverts  and  cattle  stops  will  be  shaken  to 
pieces  in  much  less  time  on  solid  rock  foundations  than  when  on  clay 
or  gravel. 

From  all  these  considerations,  I  reason  that  a  monolith  would  be 
the  best  support  for  bridges  or  other  structures  subjected  to  the  vibra- 
tions caused  by  passing  trains  or  the  working  of  engines,  but  the 
monolith,  if  of  the  same  specific  gravity  as  granite,  would  be  of  such 
weight  as  to  give  a  damaging  return  blow,  if  sufficiently  elastic,  acting 
as  an  anvil  on  a  sledge,  or  a  Belgian  block  on  the  hoof  of  a  horse,  etc. 

We  need  a  material  for  this  monolith  compact  enough  to  resist  the 
pressure,  with  little  elasticity  and  low  specific  gravity.  Timber  would 
answer  the  purpose,  but  it  is  perishable  ;  it  would  be  inconvenient  and 
expensive  to  renew  it  under  heavy  structures. 

The  material  which,  in  my  opinion,  best  answers  the  foregoing  con- 
ditions—inelastic,  light,  compact  and  durable — is  artificial  stone,  such  as 
was  used  in  the  construction  of  the  Dry  Docks,  Erie  Basin,  Brooklyn, 
K  Y.  This  is  about  two- thirds  the  weight  of  granite,  sufficiently 
compact,  durable  as  other  stone,  and  with  very  little  elasticity.  In 
drilling  a  hole  with  the  churn  drill  the  drill  does  not  rebound. 

The  pumping  engine  for  these  Dry  Docks  (250  horse  power)  has  been 
working  smoothly  for  more  than  one  year  on  an  artificial  monolith 
20  X  24  feet,  12  feet  thick. 

I  am  so  convinced  that  this  is  the  best  material  to  receive  and  dispose 
of  vibrations,  that  I  have  built  pedestal  blocks  of  it  5  x  6  feet,  2  feet 
thick,  for  an  iron  bridge  155  feet  span,  the  pedestals  on  each  abutment 
connected  by  a  cross-wall,  the  two  pedestals  and  one  cross-wall  making 
one  solid  stone,  the  cross- wall  so  arranged  to  act  as  a  strut  in  the  diag- 
onal bracing.  Great  elasticity  is  not  wanted,  for  that  would  cause 
sinking  or  a  wane  under  a  train  equal  to  a  heavy  grade.  Great  weight  is 
not  wanted,  for  that  strikes  back  too  hard.  I  purpose  using  this  ma- 
terial extensively  in  this  manner,  unless  it  is  shown  that  I  am  wrong. 
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DISCUSSION. 

Theodoee  Cooper,  M.  Am.  See.  0.  E. — Similar  facts  to  those  men- 
tioned by  the  author  of  this  paper  are  known  to  most  of  us  who  have  to 
do  with  such  structures.  The  explanation  given  by  the  author  appears 
unnecessary  and  untenable. 

That  poor  masonry  is  shaken  to  pieces  by  the  impacts  and  strains 
produced  by  passing  trains,  does  not  require  any  vibratory  theory  for  its 
explanation.  Neither  does  the  creeping  of  bridge  trusses  and  girders, 
any  more  than  the  creeping  of  the  rails  in  a  track. 

The  pull  of  a  heavy  engine  or  the  push  of  a  moving  train,  when  sub- 
ject to  the  retarding  action  of  the  brakes,  is  an  enormous  force  ;  which, 
fortunately,  in  most  cases  does  not  act  directly  upon  the  girders  or  the 
supporting  masonry,  or  the  effects  would  be  still  worse  than  those  usually 
observed.  It  is  largely  distributed  by  the  track  system,  where  it  is 
in  good  order,  over  a  longer  distance  than  that  covered  by  the  train  only. 

In  time,  however,  it  is  sure  to  produce  visible  results  upon  the  sub  - 
structures  that  are  not  proportioned  to  resist  it,  through  the  aid  of  ex- 
pansion and  contraction,  and  the  occurrence  of  loose  joints.  On  curves, 
grades,  or  tracks  where  trains  run  in  one  direction  only,  its  action  is 
accumulative,  and  more  severe  than  elsewhere. 

The  author  does  not  describe  fully  the  character  of  masonry  from 
which  stones  are  forced  out  in  the  manner  described  in  the  paper  ;  but 
the  inference  is  that  it  was  a  very  ordinary  kind  of  masonry,  imperfectly 
bonded  and  cemented  together  ;  hardly  to  be  compared  to  what  is  now 
usually  classed  as  first  or  second-class  masonry  in  the  best  specifica- 
tions for  railroad  work. 

The  general  character  of  the  bridges  upon  the  author's  road  (Balti- 
more and  Ohio  Railroad)  may  have  something  to  do  with  the  severe 
action  upon  the  masonry  which  he  describes.  They  are  largely  of  a  type 
(the  Bollman  truss)  rated  very  low  by  bridge  engineers,  and  not  accept- 
able by  other  first-class  railroads. 

It  may  also  be  very  probable  that  this  road  is  about  to  realize  the 
fact  long  ago  appreciated  by  other  railroads,  that  the  old  style  of  bridges 
and  masonry,  first  adopted  in  their  construction,  is  not  suited  to  the 
continued  action  of  the  heavy  traffic  of  the  present  day. 

Grouted  masonry  is  not  considered  at  the  present  day  as  a  suitable 
character  of  masonry  to  be  used,  especially  for  railroad  purposes.     The 
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author  need  not  fear  the  action  of  a  monolith  upon  his  bridges,  if  they 
are  properly  proportioned  for  the  work  to  come  upon  them. 

The  hammering  action  he  speaks  of  can  only  occur  in  very  light 
structures,  or  where  the  impacts  of  the  wheels  are  transmitted  immedi- 
ately to  the  masonry.  As  all  trusses  should  be  anchored  down  to  the 
masonry  at  both  ends,  even  where  provision  is  necessary  for  expansion, 
no  true  hammering  can  take  place.  The  use  of  wooden  wall-plates  under 
the  ends  of  stringers  relieves  the  pounding  at  these  points,  but  generally, 
from  the  liability  to  decay  of  the  wood  and  chances  of  neglect,  it  is  pre- 
ferable to  provide  for  this  action  in  other  ways. 

Chakles  E.  Emery,  M.  Am.  Soc.  C.  E. — The  tone  of  the  discussion 
on  this  paper — referring  now  particularly  to  the  remarks  and  questions 
at  this  meeting — is  to  the  effect  that  the  explanations  of  the  observed 
phenomena,  by  the  writer  of  the  paper,  are  untenable,  unsatisfactory, 
or,  at  the  best,  unnecessary.  Granting  without  question  the  statements 
of  Mr.  Cooper,  that  such  effects  would  not  result  with  heavy  bridge 
structures,  or  more  substantial  masonry — all  proportioned  according  to 
later  experience  and  more  modern  methods — it  is,  nevertheless,  true 
that  very  many  structures  of  older  types  are  still  in  existence,  and  it  is 
of  interest  to  know  how  these  act  under  modern  circumstances,  and  how 
their  defects  may  be  remedied,  either  temporarily  or  permanently.  The 
first  step  towards  providing  a  remedy  is  a  philosophical  investigation 
and  explanation  of  the  causes  of  the  difficulties.  Notwithstanding  the 
criticisms,  I  consider  the  explanations  given  quite  sound  in  principle, 
and  in  the  main  very  satisfactorily  expressed. 

All  materials  are  more  or  less  elastic,  and  each  particular  body  has  its 
own  period  of  vibration,  depending  upon  its  elasticity  and  the  quantity 
of  mass  in  motion.  Even  the  earth  vibrates,  not  only  when  supported 
closely  on  rock,  as  at  Niagara  Falls,  but  even  where  there  is  a  bed 
of  sand  of  great  depth,  as  on  Broadway,  New  York,  the  vibrations 
produced  by  stages  on  that  thoroughfare  being  felt  in  the  upper  part 
of  buildings  over  100  feet  distant.  When  the  forces  producing  the  vibra- 
tion intermit  in  multiples  of  the  period  of  vibration  of  a  particular 
structure,  the  amplitude  of  the  vibrations  is  greatly  increased,  often 
causing  danger ;  for  instance,  necessitating  the  well-known  regulation 
that  troops  shall  not  keep  step  on  a  bridge.  Again,  the  period  of  vibra- 
tion of  the  springs  of  a  parlor  car,  at  certain  speeds,  corresponds  often 
with  the  times  of  meeting  rail-joints,  causing  a  very  unpleasant  dancing 


450 

motion,  and  more  frequently  the  piston  strokes  of  the  locomotive  become- 
synchronous  with  a  multiple  of  the  period  of  vibration  of  the  draw- 
bar springs,  and  a  very  uneasy  sensation  is  experienced,  often  attributed 
to  rough  tracks,  when  the  principal  vibrations  are  really  longitudinal. 
In  view  of  the  many  known  phenomena  in  relation  to  vibration,  the  ex- 
planations of  the  author  of  the  paper  in  relation  to  the  movement  of  the 
cast-iron  columns  of  a  trestle  on  their  stone  foundations  seem  well 
founded.  It  is  not,  however,  necessary  to  suppose  that,  on  account  of 
different  periods  of  vibration,  the  surfaces  need  to  "lose  contact "  and 
"be  separated,"  even  for  "infinitely  short  spaces  of  time,"  as  is  assumed 
in  the  paper.  The  vibrations  need  only  reduce  the  pressure  on  the  sur- 
faces in  contact  to  such  an  extent  momentarily  that  the  diverting  force 
becomes  sufficient  to  cause  a  slight  movement.  When  a  body  is  in. 
motion  in  one  direction  the  slightest  lateral  force  is  sufficient  to  divert  it, 
as  the  two  forces  combine  to  produce  motion  in  a  diagonal.  This  prin- 
ciple, it  will  be  recollected,  I  utilized  in  my  plan  for  a  hydraulic  testing 
machine,  in  which,  by  rapidly  revolving  the  ram,  the  longitudinal  pres- 
sures on  the  same  and  the  specimens  were  allowed  to  equalize  themselves 
so  well  that  the  indications  of  a  pressure  gauge  became  an  accurate  meas- 
ure of  the  strains  imposed.  The  movement  of  bridges  and  other  bodies 
in  a  particular  direction,  when  subject  to  jar  and  to  an  additional  small 
force  acting  in  that  direction,  may  be  similarly  explained.  The  value  of 
the  wood  is  due  to  the  fact  that  it  absorbs  the  vibrations,  and  thus  leaves 
the  diverting  force  without  the  opportunity  to  combine  with  another 
force  sufficient  to  produce  movement.  The  wood  serves  an  additional 
purpose  in  preserving  the  whole  structure  from  injury  by  the  jars.  This, 
principle  is  utilized  for  trip-hammers,  which  can  only  be  preserved  by 
erecting  them  on  extensive  foundations  of  wood. 
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ON  AN  ECONOMICAL  AND  EFFICIENT  RAILROAD 

BRIDGE  FLOOR. 


By  W.  Howard  White,  M.  Am.  Soc.  C.  E. 
Read  September  19th,  1883. 


On  asking  the  late  Mr.  A.  D.  Briggs,  F.  Am.  Soc.  C.  E.,  Massa- 
chusetts Railroad  Commissioner,  some  years  ago,  certain  questions  in 
regard  to  a  form  of  standard  bridge  floor,  he  said  that  he  did  not 
think  such  a  standard  could  be  designed,  for  the  reason  that  the  cases 
differed  so  much  for  which  it  was  needed . 

Meaning  by  the  floor  the  immediate  supports  of  the  rails  and  their 
appurtenances,  consisting  ordinarily  of  the  ties  and  guard  rails,  I  do  not 


4:52 

agree  with  him;  for,  on  examination,  I  think  it  will  be  found  that  there 
is  practically  very  little  variation  in  the  demands  on  a  railroad  bridge 
floor,  or  the  conditions  imposed  on  it. 

It  is  required  in  all  cases  to  satisfactorily  support  and  hold  in  place 
the  rails  for  the  passage  of  trains;  and  it  should  also  carry  the  wheels  of 
a  derailed  car  or  train  safely  over  without  injury  to  the  bridge  itself, 
and,  lastly,  it  should  be  as  economical  of  construction  and  maintenance 
as  consists  with  the  other  requirements. 

To  carry  derailed  trains  over  economically,  and  also,  in  through 
bridges,  to  avoid  injury  to  the  bridge,  it  should  keep  the  derailed  wheels 
close  to  the  rail,  and  consequently  not  far  from  the  support  provided  for 
the  rail,  since  wandering  of  the  wheels  will  make  necessary  a  greater 
spread  of  floor,  and,  what  is  worse,  will  injure  a  through  bridge  by  rub- 
bing the  cars  against  the  trusses. 

These  being  the  requisites,  what  are  the  cases  in  which  they  are  to  be 
fulfilled  ? 

The  ordinary  bridges  on  railroads  which  require  what  is  technically 
<;alled  a  floor  are: 

1st.  Wooden  stringer  bridges  with  stringers  under  the  rail. 

2d.  Plate  girder  or  truss  bridges  with  the  supports  directly  under  the 
rail. 

3d.  Girder  or  truss  bridges  with  the  supporting  members  so  deep  as 
to  make  it  desirable  to  set  them  further  apart  than  the  width  of  the  rail 
centres,  and  arranged  with  ties  acting  as  floor  beams  to  carry  the  load  to 
the  supporting  members. 

4th.  Girders  with  ties  resting  on  the  lower  flange  and  serving  as  floor 
beams. 

5th.  Deck  bridges  with  a  regular  floor  beam  construction,  sur- 
mounted by  stringers. 

6th.  Through  truss  bridges  with  floor  beams  and  stringers. 

All  of  the  above  are  practically  stringer  bridges,  as  far  as  the  floor  is 
<}oncerned,  except  Nos.  3  and  4. 

No.  3  is  unusual,  and  I  think  most  engineers  will  concede  undesira- 
ble, and  always  avoidable,  even  when  the  head  room  below  is  the  diffi- 
culty, by  suspending  the  floor  beams  and  adding  stringers. 

No.  4  is  sometimes  unavoidable,  but  very  rarely  so. 

The  only  important  difference  between  wooden  and  iron  stringer  or 
girder  bridges  lies  in  the  offsets  on  the  top  flange  of  iron  girder  bridges; 
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the  difficulty  from  which  can  be  readily  met  by  increasing  the  depth  of 
the  tie,  which  I  hope  to  be  able  to  show  is  desirable  in  any  event ;  and 
it  then  appears  that  one  form  of  bridge  floor  will  answer  for  all  bridges, 
except  the  special  and  infrequent  class  No.  4. 

In  meeting  the  conditions  postulated,  the  first  question  is  the  ma- 
terial for  the  ties.  I  suppose  it  will  be  generally  conceded  that  some 
variety  of  wood  is  desirable,  and  probably  no  wood  can  be  had  at  equally 
small  expense  so  suitable  to  stand  the  cutting  action  of  a  derailed  wheel 
flange,  as  well  as  for  the  purpose  of  holding  spikes,  as  oak. 

As  to  size,  the  ordinary  practice  has  settled  upon  8  inches  as  the  min- 
imum width  for  sawed  ties  to  hold  spikes  satisfactorily. 

As  to  thickness,  I  do  not  suppose  any  one  would  use  less  than  5^ 
inches,  and,  in  order  to  meet  the  cutting  out  for  offsets  on  the  top 
flanges,  I  would  add  1  inch,  and  i  inch  for  cutting  of  rail  into  tie, 
making  the  total  thickness  7  inches.  This  size  will  saw  well  out  of 
round  sticks,  securing  straight  grain  and  heart  wood. 

In  applying  this  on  iron  girders,  we  begin  at  the  ends  by  simply  lay- 
ing the  tie  over  the  rivets,  striking  it  with  a  maul  to  mark  the  rivet  posi- 
tions, and  slightly  boring  to  give  entrance  to  the  rivet-head. 

This  fitting  over  the  rivet-heads  will  be  found  amply  sufficient  to  hold 
the  track  in  place  on  the  girder. 

Towards  the  centre  of  the  girder,  where  there  are  offsets,  the  ties 
have  to  be  gained  additionally  for  the  increased  thickness  of  the  flange. 

On  wooden  stringers,  in  preference  to  using  line  spikes,  I  think  it  best 
to  gain  the  tie  f  inch  over  the  stringer,  thus  securing  it  effectually  in 
place  laterally  without  making  holes  for  water  to  get  into  the  stringer, 
and  without  either  leaving  spikes  sticking  up  to  strike  the  foot,  or  notch- 
ing round  them  to  give  a  hold  for  the  draw-bar — a  disastrous  practice 
for  the  accumulation  of  water. 

It  has  been  objected  that  it  is  difficult  to  take  out  single  ties  under 
this  arrangement;  but  I  think  this  is  fanciful,  since  the  operation  can  be 
performed  with  very  little  trouble  by  jacking  or  prying  up  the  track  at 
the  tie  in  question,  taking  hold  on  the  guard  timber  as  I  propose  apply- 
ing the  same;  and  what  extra  trouble  there  may  be  in  this  will  be  more 
than  compensated  by  the  greater  durability  of  the  ties  in  the  absence 
of  spikes  and  notches  on  top. 

As  to  distance  apart  of  ties,  it  is  desirable,  of  course,  to  have  as  little 
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jumping  of  the  derailed  wheels  when  running  over  a  bridge  as  possible, 
and  to  this  end,  I  advocate  5  inches  clear  distance. 

This  would  let  a  derailed  33-inch  wheel  drop  3^^  inch,  if  the  ties 
were  unyielding,  whereas  6  inches  clear  gives  i  inch  drop,  and  8  inches 
gives  1^6  inch. 

It  might  at  first  sight  appear  as  if  i  inch  were  insignificant,  because 
the  wheel  would  cut  into  the  tie  more  than  that  at  any  rate,  and  would 
consequently  meet  the  edge  of  the  next  tie  before  any  drop  took  place. 
I  think  this  is  fallacious,  however,  the  probability  being  that  the  drop 
increases  more  than  the  above  figures  would  show  in  proportion  to  the 
clear  distance,  owing  to  the  greater  cutting  at  the  edges  of  the  ties  due 
to  the  decreased  bearing  in  leaving  one  tie  and  the  blow  with  which  it 
strikes  the  next  one.  In  fact,  it  is  generally  noticeable  in  the  mark  of  a 
derailment  that  both  edges  of  the  tie  have  been  cut  deeper  than  the 
centre. 

In  regard  to  the  length  of  a  tie,  if  my  theory  as  to  guard  rails,  given 
below,  is  accepted,  there  appears  no  reason  for  making  the  tie  more 
than  the  usual  8  feet  in  length,  and,  indeed,  in  through  bridges,  it  is 
difficult  to  see  on  what  theory  any  greater  length  than  10  feet  for  single 
track  can  be  defended  ;  inasmuch  as,  if  it  were  made  use  of  for  support- 
ing the  derailed  wheels  with  any  clear  width  between  trusses,  which  it  is 
usual  to  give,  the  trusses  would  infallibly  be  destroyed  or  the  cars  torn 
to  pieces. 

On  double-track  bridges — either  deck  or  through  bridges  with  but 
two  trusses — it  is  undoubtedly  better  to  run  the  ties  clear  across,  to 
provide  for  derailments  between  the  tracks  and  for  the  greater  stability 
of  the  bridge,  and  in  this  case  the  thickness  of  tie  I  propose,  placed  so 
close  together,  will  be  found  sufficient  to  carry  derailed  cars  without  ad- 
ditional support  below. 

Proceeding  now  to  the  guard  timbers  or  rails — a  very  important 
member  of  the  floor — I  am  strongly  in  favor  of  an  inside  guard,  for  the 
following  reasons  : 

1st.  It  is  more  efficient  for  the  same  height  above  the  tie  than  the 
outside  guard,  and  its  limiting  height  (that  of  the  rail)  is  more  efficient 
than  such  heights  of  outside  guard  as  are  ordinarily  used. 

2d.  It  can  be  placed  so  as  to  hold  the  wheel  nearer  the  rail  than  an 
•outside  guard  of  equal  efficiency  can  be,  having  regard  to  snow-plows. 
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3d.  It  is  more  readily  and  strongly  secured  at  the  ends  for  the  pur- 
pose of  drawing  the  derailed  wheels  over  to  the  rail,  and  to  secure  the 
ditching  of  a  car  that  has  got  off  too  far  to  be  safely  drawn  in  without 
■danger  to  the  trusses  of  a  through  bridge. 

4:th.  It  is  more  economical  than  any  other  guard  to  secure  the  above 
objects. 

Its  greater  efficiency  is  due  to  its  taking  a  bearing  on  the  flange  side 
instead  of  the  tread  side  of  the  wheel,  taking  in  a  larger  arc  of  the 
wheel  at  the  same  height,  and  meeting  a  rounded  edge  with  a  tendency 
to  shear  off,  instead  of  a  sharp  edge  with  a  tendency  to  cut  in. 

With  an  ordinary  33-inch  wheel  with  l|-inch  flange,  the  advantage  on 
:account  of  the  larger  arc  and  consequently  higher  climbing  tangent,  as 
shown  by  the  diagram  (Plate  XXX),  makes  an  inside  guard  4  inches  high 
equal  to  an  outside  guard  1^  inches  higher  ;  and  this  advantage  increases 
for  larger  wheels  and  deeper  flanges.  The  advantage  due  to  the  meeting 
with  the  rounded  edge  is  difficult  to  estimate,  but  it  can  hardly  be  less 
than  f  inch,  viz, :  an  inside  guard  of  4  inches  in  height  isi  equal  to  an 
outside  one  of  6  inches  for  a  33-inch  wheel. 

As  to  the  second  point,  efficiency  in  drawing  a  derailed  wheel  close 
up  to  the  rail,  in  general  it  is  necessary  on  account  of  snow-plows  to 
place  a  guard  higher  than  the  rail  some  considerable  distance  outside  of 
it,  and  since  the  inside  guard  is  more  efficient  for  the  same  height,  the 
second  point  may  be  considered  proved. 

As  to  the  third  point,  it  is  evident  that  the  inside  guards  can  be 
l)rought  together,  making  a  strong  point,  and  fastened  to  the  ordinary 
track  ties,  while  the  flare  of  the  outside  guards  has  to  be  set  up  inde- 
pendent of  the  ordinary  track  structure. 

In  regard  to  wheels  too  far  off  to  be  caught  and  restored  to  line  by 
inside  guards,  I  would  observe  that,  while  it  is  the  practice  of  some 
roads  to  attempt  this  restoration,  it  does  not  seem  to  be  a  wise  one. 
Wheels  so  far  off  will  generally  be  at  such  an  angle  as  to  make  their  re- 
storation almost  impossible,  and  if  the  attempt  is  unsuccessful,  in  the 
case  of  a  through  bridge,  it  would  in  all  probability  be  destroyed,  since 
no  practicable  bunter-post  that  could  be  put  up  would  arrest  with  any 
certainty  a  car  or  train  at  considerable  speed. 

For  this  reason,  it  appears  to  me  better  to  extend  the  inside  guard  far 
enough  beyond  the  bridge— say,  with  the  point  at  twice  the  length  of 
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the  inclined  portion  from  the  truss  end — to  throw  the  car  if  it  took  the 
wrong  side  of  the  point  clear  of  the  bridge  structure. 

In  case  of  a  high  embankment,  it  would  be  desirable  to  carry  it  still 
further  to  a  point  where  ditching  would  not  be  too  serious  an  accident. 

My  fourth  point  will  be  proved  if  the  foregoing  argument  is  valid, 
since  the  inside  guards  would  take  less  material  and  be  more  easily  ap- 
plied. 

As  to  the  material  for  inside  guards,  I  would  say  that  the  use  of  old 
rails,  as  sometimes  practiced,  appears  too  expensive  for  application  to  all 
bridges,  besides  not  serving  the  purpose  of  keeping  the  ties  properly 
spaced  ;  and  I  have,  therefore,  in  the  diagrams  appended  (Plate  XXX), 
used  a  5-inch  x  8-inch  pine  stick  (this  would  be  increased  to  6-inch 
X  8-inch  for  4i-inch  and  5-inch  rails),  notched  down  1  inch  over  the  ties 
and  bolted  to  every  third  tie  with  a  J-inch  bolt.  This  construction 
then  serves  the  triple  purpose  of  guard  rail ;  of  keeping  the  ties 
properly  spaced,  and  from  creeping,  by  its  connection  with  the 
ordinary  track  ties  on  the  bank  ends  ;  and  of  lifting  the  superstructure 
by  means  of  a  jack  or  lever  for  the  purpose  of  removing  ties. 

The  ends  of  these  sticks  I  have  shown  brought  together  in  a  straight 
point  30  feet  long,  which  gives  an  angle  only  2  ^  times  as  great  as  a  20- 
foot  switch  rail  with  5-inch  throw,  terminated  by  a  rail  point  6  feet 
long. 

The  curved  points,  not  uncommonly  used,  are  rather  absurd  when  it 
is  reflected  that  they  give  the  largest  meeting  angle  with  the  wheel  at 
the  point  where  the  latter  is  presumably  most  out  of  parallel  with  the 
track. 

There  may  be  some  question  as  to  the  expediency  of  using  timber  in 
the  point,  but  my  impression  is  that  it  will  be  found  sufficient,  when  in 
good  order,  to  turn  a  wheel,  and  as  often  as  it  is  marred  by  a  derailment 
or  becomes  rotten  it  can  be  replaced  at  less  capital  cost  than  the  iron. 

I  would  note  that  the  Lake  Shore  and  Michigan  Southern  R.  R. 
uses,  or  did  use  some  years  ago,  a  bridge  floor  similar  to  the  one  advo- 
cated here  in  size  of  tie,  spacing,  and  notching  of  tie  over  stringer  and 
guard  timber  over  tie,  but  they  use  a  13-foot  tie,  rails  for  inside  guards 
curved  to  a  point,  and  a  7-inch  x  8-inch  outside  guard. 

This  design  appears  defective  in  two  ways  :  first,  that  no  provision  is 
made  by  extending  the  ties  after  the  point  of  the  inside  guard  has  been 
passed  to  carry  the  outside  derailed  wheel  to  the  bridge  in  case  the  other 
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wheel  takes  the  wrong  side  of  the  point  ;  and  secondly,  there  is  not 
room  enough  on  even  these  long  ties  to  carry  the  outside  wheel  in  the 
position  it  must  take  on  the  bridge  when  the  other  wheel  has  taken  the 
wrong  side  of  the  point. 

It  is  evident  that  if  inside  guards  brought  to  a  point  are  used,  there 
is  no  middle  course  between  ditching  a  train  if  it  takes  the  wrong  side 
of  the  point,  and  the  provision  of  ties  long  enough,  that  is,  15  feet,  with 
a  stringer  under  their  ends  to  carry  the  wheels,  in  the  above  contin- 
gency. 

So  far  as  through  bridges  are  concerned,  I  think  the  floor  I  advocate 
is  the  safest  possible  at  any  reasonable  expense,  and  in  claiming  that  any 
more  perfect  floor  is  needed  for  other  classes  of  bridge,  it  is  well  to  con- 
sider how  small  the  chances  of  accident  are  for  which  we  are  providing 
at  so  much  extra  expense  as  the  increase  of  the  ties  to  15  feet  in  length, 
and  extra  stringers  under  their  ends,  entails. 

I  doubt  if  the  experience  of  all  the  railroad  men  in  the  country  would 
show  more  than  two  or  three  cases  where,  if  inside  guards  had  been 
used,  as  proposed,  any  further  precaution  would  have  been  of  advantage 
even  to  freight  trains. 

The  chance  of  this  is  as  follows  : 

1st.  The  comparatively  large  chance  of  derailment. 

2d.  Out  of  this  the  far  smaller  chance  of  a  derailed  wheel  going  more 
than  half  gauge  distance  from  the  rail.  One  out  of  five  would,  I  think, 
be  a  high  estimate. 

3d.  That  it  shall  include  a  bridge  in  the  run  of  a  train  while  derailed. 
Two  bridges  in  a  mile  would  be  rather  a  high  average,  and  as  the  derail- 
ments would  average  a  third  of  a  mile  in  extent,  possibly  a  half,  it  is 
about  an  even  chance  that  a  derailment  shall  cover  a  bridge. 

4th.  That  it  shall  be  a  passenger  train,  say,  1  in  3,  and  wa  have  1  in 
30,  and  if  we  further  throw  out  derailments  covering  through  bridges, 
which  I  have  shown  cannot  be  helped  by  wide  floors,  and  bear  in  mind 
that  passenger  derailments  are  much  shorter  in  extent,  and  that  the  con- 
nection between  the  cars  is  much  more  close  and  perfect,  probably  not 
one  derailment  in  one  hundred  will  be  of  a  passenger  train  covering  a 
bridge  and  having  the  wheels  more  than  half  gauge  away  from  the  rail. 

I  leave  freight  trains  out  of  account,  for  I  think  the  chance  of  1  in  10 
would  lead  any  railroad  man  to  ditch  a  freight  in  that  proportion  of  de- 
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railments  rather  than  incur  the  expense  of  providing  for  it  at  all 
bridges. 

In  conclusion,  I  would  note,  as  a  corollary  to  this  discussion,  that  the 
treatment  of  derailments  gives  an  argument  for  avoiding  middle  trusses 
on  double  track  bridges,  vrhich  may  serve  to  turn  the  scale  in  favor  of 
two  trusses  only  in  some  cases. 

Successful  experiments  have  been  made  by  Mr.  McClure,  Chief  En- 
gineer of  the  Chicago,  Burlington  and  Quincy  E.  R.  system,  with  a  re- 
railing  arrangement  at  the  ends  of  bridges,  and  it  is  possible  that  this 
will  be  substituted  for  the  simple  drawing  together  of  the  guard  timbers, 
bat  it  does  not  conflict  with  the  other  points  above  advocated. 
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GENERAL    SUGGESTIONS    AS    TO    THE    CONDITIONS 

PEOPER  TO  BE  REQUIRED  IN  ORDINARY 

IRON    HIGHWAY    BRIDGE 

CONSTRUCTION. 


By  J.  A.  L.  Waddell,  M.  Am.  Soc.  C.  E. 
Read  May  2d,  1883. 


As  the  heading  implies,  the  following  suggestions  are  general  in  theii 
nature:  they  are  intended  for  ordinary  iron  highway  bridges,  and  are 
designed  to  present  to  parties  interested  in  bridge  construction,  more 
especially  those  upon  whom  falls  the  responsibility  of  letting  bridge 
contracts,  what  in  the  writer's  opinion  are  the  requisites  for  a  good  struc- 
ture. The  parts  relating  to  the  proportioning  of  main  members  and 
details  are  in  accordance  with  the  writer's  previous  papers  on  "Bridge 
Piers,  their  Sizes  and  Bearings,"   "A  System   of  Designing   Highway 
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Bridges,"  and  "Details  in  Ordinary  Iron  Bridges;"  -while  the  part 
relating  to  tests  of  materials  is  taken  from  Prof.  H.  T.  Bovey's  excellent 
little  work  on  "Applied  Mechanics."  A  few  other  portions  are  copied 
from  approved  specifications. 

By  ordinary  highway  bridges  are  meant  simple  truss  bridges,  having 
no  novel  or  peculiar  features,  such  as  a  combination  of  arches  and 
trusses,  cantilevers,  &c. ;  in  short,  the  bridges  which  one  meets  with 
every  day  in  traveling  through  the  United  States. 

These  suggestions  are  general  enough  in  their  nature  to  include  all 
the  ordinary  styles  of  truss,  but  are  more  particularly  applicable  to  the 
Pratt  and  Linville,  which  are  by  far  the  most  common  trusses  for  iron 
highway  bridges  in  America. 

Highway  bridges  may  be  divided  into  three  classes,  viz. :  those  for 
cities  and  their  suburbs  which  are  subjected  to  the  continued  application 
of  heavy  loads;  those  for  cities  and  their  suburbs  which  are  subjected  to 
the  occasional  application  of  heavy  loads;  and  those  for  country  roads, 
where  the  traffic  is  lighter. 

Calling  these  divisions  Classes  A,  B  and  C,  the  following  general  sug- 
gestions are  presented: 

Live  Load. 


Moving  Load  pee  Square  Foot. 

Span  in  Feet. 

Classes  A  and  B. 

Class  C. 

0  to    50 

100  pounds. 

80  pounds. 

50  to  150 

90 

80 

150  to  200 

80 

70 

200  to  300 

70 

60 

300  to  400 

60 

50 

I 


Dead  Load. — The  dead  load  should  include  the  weight  of  all  the  iron 
and  wood  in  the  structure,  excepting  those  portions  resting  directly  on 
the  abutments,  and  whose  weights  do  not  affect  the  stresses  in  the 
trusses. 
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Also,  if  necessary,  all  allowance  for  snow,  mud,  paving  or  any  unusual 
fixed  load  that  may  ever  be  placed  upon  the  bridge. 

Pine  lumber  is  assumed  to  weigh  two  and  a  half  (2§)  lbs.  per  foot, 
b.  m. ,  and  oak  lumber  four  and  a  third  (4^)  lbs.  per  foot,  b .  m. 

Should,  in  any  bridge  of  less  thau  two  hundred  (200)  feet  si3an,  the 
calculated  dead  load  differ  more  than  seven  (7)  per  cent.,  or  in  any 
bridge  of  more  than  two  hundred  (200)  feet  span  more  than  four  (4) 
per  cent,  from  that  assumed,  the  calculations  of  stresses,  «fec.,  should  be 
made  over  with  a  new  assumed  dead  load. 

Wind  Pressure. — The  wind  pressure  per  square  foot  for  bridges  in 
unusually  exposed  situations  may  be  assumed  as  fifty  (50)  lbs.  for  spans 
of  one  hundred  (100)  feet  and  under,  forty-five  (45)  lbs.  for  spans  between 
one  hundred  (100)  and  one  hundred  and  fifty  (150)  feet,  and  forty  (40) 
lbs .  for  spans  above  one  hundred  and  fifty  (150)  feet. 

For  bridges  in  positions  not  unusually  exposed,  these  numbers  may 
each  be  diminished  by  ten  (10). 

The  total  area  opposed  to  the  w  ind  should  be  determined  by  adding 
together  the  areas  of  the  floor,  joists  and  lower  lateral  rods,  and  twice 
the  areas  of  the  truss,  hand-rail,  hub-plank,  guard-rail  and  the  rectangles 
circumscribed  about  the  ends  of  the  floor  beams. 

JAmiting  Length  of  Span  for  Different  Clear  Roadways. — The  maxi- 
mum lengths  of  span  for  the  different  clear  roadways  should  be  one 
hundred  and  forty  (140)  feet  for  twelve  (12)  feet  roadways,  one  hundred 
and  ninety  (190)  feet  for  fourteen  (14)  feet  roadways,  two  hundred  and 
sixty  (260)  feet  for  sixteen  (16)  feet  roadways,  and  three  hundred  and 
fifty  (350)  feet  for  eighteen  (18)  feet  roadways.  By  clear  roadway  is 
meant  the  distance  between  the  inner  edges  of  the  batter  brace 
plates. 

Limii  of  Clear  Head w ay.— The  least  allowable  clear  headway  should 
be  fourteen  (14)  feet,  unless  some  local  consideration  cause  this  number 
to  be  increased.  By  clear  headway  is  meant  the  vertical  distance  from 
the  upper  face  of  the  flooring  to  the  lowest  part  of  the  portal  or  overhead 
bracing. 

Limiting  Length  of  Span  for  Pony  Trusses. — The  greatest  allowable 
length  of  span  measured  from  centre  to  centre  of  end  pins,  or,  in  case  of 
riveted  connections  at  the  shoes,  between  the  intersections  of  the  centre 
lines  of  lower  chord  and  batter  braces,  should  be  sixty-five  (65)  feet  for 
pony  trusses  or  bridges  without  overhead  bracing. 
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Limiting  Depth  of  Pony  Trusses. — The  greatest  allowable  depth  meas- 
ured from  centre  to  centre  of  chords  for  pony  trusses  without  side  brac- 
ing should  be  six  (6)  feet,  and  that  for  pony  trusses  with  side  bracing 
nine  (9)  feet. 

Limiting  Length  of  Span  for  Double  Intersection  Bridges. — The  least 
allowable  length  of  span  measured  from  centre  to  centre  of  end  pins,  or, 
in  case  of  riveted  shoe  connections,  between  the  intersections  of  the 
centre  lines  of  chord  and  batter  braces  for  double  intersection  bridges, 
should  be  one  hundred  and  fifty  (150)  feet. 

Side  Braces. — The  least  allowable  batter  for  side  braces  in  pony  truss 
bridges  should  be  five  (5)  inches  to  the  foot,  and  all  side  braces  should  be 
made  to  resist  both  tension  and  compression.  In  no  case  should  they 
have  less  strength  than  that  of  a  2i"  x  2^"  —  5''  angle  iron. 

Limiting  Sizes  of  Sections. — No  rods  less  than  three-quarters  (|)  of  an 
inch  in  diameter  should  be  used  in  a  bridge.  No  channels  less  than  five 
(5)  inches  in  depth  should  be  used  for  upper  chords,  batter  braces  or 
posts,  or  less  than  four  (4)  inches  in  depth  for  lower  chords  or  lateral 
struts.  No  bars  less  than  one-half  (^)  inch  thick  should  be  used  for 
diagonals,  nor'any  iron  less  than  one-quarter  [l]  inch  thick  anywhere  in 
the  bridge. 

Expansion. — Any  span  above  fifty  (50)  feet  in  length,  resting  on  stone, 
concrete  or  iron  foundations,  should  be  provided  with  some  means  of 
allowing  the  bridge  to  expand  and  contract  longitudinally  with  the  vari- 
ations of  temperature,  and,  in  spans  of  fifty  (50)  feet  and  under,  care 
should  be  taken,  especially  when  the  bridge  is  erected  in  cold  weather, 
to  see  that  the  stone-work  of  the  abutments  will  not  prevent  a  little  slid- 
ing of  the  shoes. 

Anchorage. — At  least  one  end  of  every  bridge  should  be  anchored  to 
the  foundations.  If  the  overturning  moment  of  the  greatest  assumed 
wind  pressure  be  more  than  half  the  resisting  moment  of  the  weight  of 
the  bridge,  the  latter  should  be  anchored  at  the  roller  end  also,  but  in 
such  a  manner  as  not  to  interfere  with  the  expansion. 

Sliding. — At  the  roller  end  of  a  bridge,  if  the  frictional  resistance  to 
the  sliding  of  the  shoe  in  the  direction  of  the  rollers  be  not  more  than 
double  the  tendency  to  slide,  produced  by  the  wind  pressure,  a  resist- 
ance equal  to  the  difference  of  these  two  quantities  with  a  factor  of 
safety  of  two  (2)  should  be  provided. 

Camber. — The  camber  of  all  bridges  should  be  such  that  when  they  are 


463 

subjected  to  their  heaviest  loads  the  middle  point  of  the  centre  line  of 
the  bottom  chord  may  be  at  least  one  inch  above  the  line  Joining  the 
centres  of  end  piers. 

Vertical  Sway  Bracing. — In  all  deck  bridges  and  in  all  through 
bridges,  where  the  depth  from  centre  to  centre  of  chords  is  twenty-four 
(24)  feet  or  over,  vertical  sway  bracing  should  be  used,  to  be  propor- 
tioned so  as  to  carry  all  the  wind  pressure  concentrated  at  the  upper 
and  intermediate  panel  points  (if  there  be  intermediate  struts)  on  the 
windward  side,  and  at  the  upper  panel  point  on  the  leeward  side  to  the 
lower  panel  point  on  the  leeward  side. 

Portal  Bracing. — The  portal  bracing  should  be  proportioned  not  only 
to  resist  the  direct  thrust  caused  by  the  wind  pressure,  but  also  the 
bending  caused  by  the  stresses  in  the  knee  bracing,  according  to  the 
method  given  in  Burr's  work  on  "  Stresses  in  Bridge  and  Roof 
Trusses." 

Portal  struts  subjected  to  bending  should  first  be  proportioned  for 
direct  stress  due  to  both  wind  pressure  and  the  initial  tensions  on  the 
rods  meeting  at  the  end  of  the  strut,  and  then  to  their  section  should  be 
added  sufficient  area  to  resist  the  bending. 

Bending  Effect  on  Posts  and  Batter  traces.— But  the  bending  effect  in 
the  posts  and  batter  braces  caused  by  the  stresses  in  the  intermediate 
struts  or  knee  braces  need  not  be  considered  to  occur  when  the  bridge  is 
fully  loaded  ;  so,  unless  the  dead  load  stresses  and  the  bending  together 
call  for  more  section  than  the  dead  and  live  loads  combined,  the 
bending  in  these  members  may  be  neglected. 

Bending  Effect  on  Lateral  Struts. — Nor  need  there  be  any  bending  sup- 
posed to  be  caused  by  stresses  in  the  knees  connecting  upper  or  inter- 
mediate lateral  struts  and  posts,  as  the  use  of  these  knees  may  be  con- 
sidered simply  to  prevent  vibration,  and  as,  owing  to  the  fact  that  these 
struts  resist  bending  in  the  planes  of  their  greatest  dimensions,  there  is 
already  a  surplus  of  strength. 

Stresses  in  Upper  Lateral  Sti^uts. — The  stresses  in  the  upper  lateral 
struts  should  be  calculated  for  the  wind  pressure  plus  the  sum  of  the 
transverse  components  of  the  initial  tensions  in  the  rods  meeting  at  one 
end. 
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hiitial  Tension. — To  allow  for  the  stresses  caused  in  adjustable  mem- 
bers, the  stress  in  each  such  member  should  be  increased  by  the  amount 
given  in  the  following  table  : 


f"  O 0.50  tons 


1  "  o 


0.75 

1.00 

li"0 1.25 

li"  O 1.50 

If"  O 1.75 


li"  O 2.00  tons 

If"  O 2.25     " 

If"  O 2.50     " 

2.75     " 

2  "  O 3.00     " 


iro 


Square  or  flat  bars  are  to  receive  the  allowance  for  equivalent  round 
rods. 

Gonneciion  for  Lateral  Systems. — Whenever  it  be  possible  the  lateral 
rods  of  both  upper  and  lower  systems  should  be  connected  directly  to 
the  chord  pins.  But  if  the  rods  exceed  one  and  three-quarters  (Ij) 
inches  diameter,  bent  eyes  should  not  be  employed.  Lower  lateral  rods 
should  not  be  attached  to  the  floor  beams  unless  the  latter  be  riveted  to 
the  posts.  To  make  the  lateral  rods  clear  the  joists,  wooden  lateral 
struts  resting  on  the  floor  beams,  and  having  wrought-iron  jaws  at  their 
ends  attached  to  the  chord  pins,  should  be  employed  for  the  joists  to 
rest  upon.  These  wooden  struts  should  be  bolted  every  two  or  three 
feet  through  the  top  flange  of  the  floor  beam  by  half-inch  bolts. 

Should  the  sizes  of  the  lateral  rods  be  such  as  to  prevent  the  use  of 
bent  eyes,  pins  dropped  vertically  through  the  jaws  may  be  employed. 

Stresses  in  End  Lower  Lateral  Struts. — In  figuring  the  stresses  in  a 
lower  lateral  strut  at  the  roller  end  of  a  bridge,  the  stress  caused  by  the 
wind  pressure  should  be  added  to  the  transverse  component  of  the  initial 
tension  in  the  end  lateral  rod,  and  from  the  same  should  be  subtracted 
the  product  of  the  pressure  on  the  windward  shoe,  when  the  bridge  is 
empty  and  subjected  to  the  greatest  wind  pressure,  by  the  co-efficient  of 
friction  of  iron  upon  iron,  which  is  about  0 .  25  for  this  case. 

Stiffened  End  Panels. — In  any  panel  of  a  bridge  where  the  longitudi- 
nal component  of  the  greatest  allowable  working  stress  in  the  lower 
lateral  rod  exceeds  the  tension  in  the  lower  chord  of  that  panel,  caused 
by  the  dead  load  alone,  the  bottom  chord  of  that  panel  should  be  made 
to  resist  both  tension  and  compression.     Where  two  channels  are  em- 
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ployed  for  the  lower  chord  section,  the  effective  area  of  the  web  alone 
should  be  counted  upon  to  resist  the  tension. 

Top  Chord  and  Batter  Brace  Sections. — The  top  chords  and  batter 
braces  should  consist  of  two  channels,  with  a  plate  above  and  latticing 
below,  the  lattice  bars  being  riveted  together  where  thej  cross.  Broad 
lacing,  with  two  rivets  at  each  end,  may  be  substituted  for  the  latticing. 

The  top  plate  should  be  of  the  same  section  throughout,  the  increase 
of  section  from  the  ends  to  the  middle  being  obtained  by  thickening  the 
webs  of  the  channels. 

Post  Sections. — Posts  should  consist  of  two  channels,  with  lattice  bars 
riveted  together  where  they  cross,  or,  as  in  the  chords  and  batter  braces? 
broad  lacing  may  be  substituted  for  the  latticing.  The  upper  ends  of  the 
posts  may  be  either  rigidly  attached  to  the  upper  chords  by  plates,  or 
may  be  hinged  on  the  upper  chord  pins. 

Upper  Lateral  Strut  Sections, — Upper  lateral  struts  should  be  formed 
of  two  channel  bars,  laced  or  latticed,  and  rigidly  attached  at  their  ends 
to  the  chords. 

Sections  of  Bars.  — Whenever  practicable,  the  ratio  of  the  width  and 
depth  of  bars  should  be  made  as  nearly  as  possible  equal  to  one  to  four 
(1  :  i). 

Working  Tensile  Stresses. — The  intensities  of  working  stresses  for  iron 
in  tension  in  the  various  members  should  be  as  given  in  the  following 
table  : 


Members. 


Working  Stresses  in  Tons 

or  2  000  Lbs.  per  Square 

Inch. 


Main  diagonals  and  lower  chord  bars 

Centre  diagonals,  counters  and  hip  verticals 

Flanges  of  rolled  beams 

Flanges  of  built  beams  (net  section) 

Lateral  rods  and  vibration  rods 

Beam  hangers 


Class  A. 

-Classes  B 
and  C. 

5.00 

6.25 

4.00 

5.00 

5.00 

6.00 

4.00 

5.00 

7.50 

7.50 

3.00 

4.00 

4.66 

Working  Compressive  Stresses. — For  struts  composed  of  two  channels 
with  plate  or  lacing  or  latticing,  the  following  formulae  may  be  used  in 
finding  the  intensities  of  compressive  stresses. 

For  chords,  batter  braces  and  posts  in  bridges  of  Class  A, 

/ 


P 


and  for  lateral  struts  in  Class  A,  and  all  compression  members  in  Classes 
B  and  C, 

/ 


^  C 


P  = 


^+1 

p  being  the  intensity  of  working  stress  ; 

jT-  length  of  strut 


diameter  of  strut; 
c   38  500  for  two  fixed  ends, 
y  :=  -<    38  500  for  one  fixed  end  and  one  hinged  end, 
(    37  800  for  two  hinged  ends, 

(   5  820  for  two  fixed  ends,  . 
and  C  =  "{    3  000  for  one  fixed  end  and  one  hinged  end, 
'    1  900  for  two  hinged  ends. 

Where  I  beams  are  employed  for  intermediate  lateral  struts  or  end 

lower  lateral  struts,  the  intensities  of  working  stresses  may  be  found  by 

dividing  the  ultimate  resistances,  as  given  by  the  maker,  by  the  product 

of  the  area  of  the  section  and  the  expression  ( 4:  -f-  -q7r-)>  H  being  the 

number  of  diameters. 

For  the  flanges  of  rolled  beams  the  intensities  of  working  compressive 
stress  may  be  taken  equal  to  five  (5)  tons  for  bridges  of  Class  A,  and  six 
(6)  tons  for  bridges  of  Classes  B  and  C.  For  the  flanges  of  built  beams 
the  intensities  of  working  compressive  stress  may  be  taken  equal  to  four 
(4)  tons  on  the  gross  section  for  Class  A,  and  five  (5)  tons  on  the  gross 
section  for  Classes  B  and  C. 

Woj^king,  Shearing  and  Bending  Stresses. — The  intensities  of  working 
shearing  stresses  on  pins  and  rivets  should  be  three  (3)  tons  for  bridges 
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of  Class  A,  and  three  and  three-quarter  (3|)  tons  for  bridges  of  Classes 
B  and  C.  The  intensities  of  working  bending  stresses  on  pins  should  be 
seven  and  a-half  (7^)  tons  for  bridges  of  Class  A,  and  nine  and  three- 
eighths  (9|)  tons  for  bridges  of  Classes  B  and  C.  For  pins  belonging 
wholly  to  the  lateral  systems  in  bridges  of  either  class,  the  intensity  of 
working  bending  stress  may  be  taken  equal  to  eleven  and  a  quarter 
(Hi)  tons. 

Where  steel  pins  are  employed  the  intensity  of  working  bending 
stress  should  not  be  taken  greater  than  twelve  (12)  tons  for  bridges  of 
Class  A,  or  fifteen  (15)  tons  for  bridges  of  Classes  B  and  C,  unless  spe- 
cial experiment  on  the  steel  used  shows  a  greater  ultimate  resistance  than 
sixty  (60)  tons  per  square  inch,  in  which  case  a  factor  of  five  (5)  may  be 
used  for  Class  A,  and  a  factor  of  four  (4)  for  Classes  B  and  C. 

Sizes  of  Upper  Lateral  Rods. — In  many  cases,  the  stresses  in  the  upper 
lateral  systems  in  through  bridges,  or  the  lower  lateral  systems  in  deck 
bridges,  call  for  sections  of  rods  which  would  be  practically  too  small ; 
the  limits  for  the  diameters  of  the  end  rods  in  such  cases  may  be  taken 
from  the  following  table  : 


liENGTH  OF  Span. 

Diameter  of  End  Eod. 

From 

To 

r 

.... 

00' 

i" 

60' 

80' 

1" 

80' 

100' 

H" 

100' 

140' 

W 

140' 

170' 

If" 

170' 

200' 

Stiffened  Hip  Verticals  in  Po7iy  Trusses — Trussing. — Hip  verticals  in 
pony  trusses  should  be  stiffened  so  as  to  resist  compression.  In  these 
members  and  in  the  posts  of  small  pony  truss  bridges,  where  there  is  an 
excess  of  strength,  trussing  may  be  used,  but  in  no  other  case. 

Upset  Rods. — Middle  panel  diagonals,  counters,  lateral  rods,  vibration 
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rods,  and  all  other  adjustable  rods  should  have  their  ends  enlarged 
for  the  screw  threads,  according  to  the  table  given  on  pages  126  and  127 
of  Carnegie's  Pocket  Companion. 

Minimum  Dimensions  of  Chord  and  Batter  Brace  Plates. — The  mini- 
mum dimensions  for  the  top  plate  in  a  top  chord  or  batter  brace  may 
be  taken  from  the  following  table.  Should  the  width  employed  exceed 
that  given  in  the  table  by  from  forty  (40)  to  sixty  (60)  per  cent.,  the 
thickness  should  be  increased  by  one-sixteenth.d^e)  of  an  inch;  if  it  ex- 
ceed from  sixty  (60)  to  eighty  (80)  per  cent.,  the  thickness  should  be 
increased  by  one-eighth  (|)  of  an  inch: 


Depth  of  Channel. 

Minimum  Thickness. 

Minimum  Width. 

5" 

¥ 

7" 

6" 

¥ 

8" 

7 

¥ 

9" 

8" 

¥ 

10" 

9" 

i\" 

Ll|" 

10" 

t\" 

12^" 

12" 

1" 

15" 

Sizes  of  Stay  Plates. — The  dimensions  of  stay  plates  in  struts,  where 
latticing  or  double-riveted  lacing  is  employed,  should  not  be  less  than 
those  given  in  the  following  table.  If  the  distances  between  the  inner 
faces  of  the  channels  be  more  than  the  depth  of  the  latter  and  less  than 
one  and  a  quarter  (li)  times  the  same,  either  the  thickness  of  the  stay 
plates  should  be  increased  one-sixteenth  {x^)  of  an  inch  above  that  given 
in  the  table,  or  the  width  should  be  increased  sufficiently  to  allow  space 
for  one  more  rivet  at  each  side;  or,  if  the  distance  between  the  faces  be 
between  one  and  a  quarter  (Ij)  and  one  and  a  half  (1^)  times  the  depth 
of  the  channels,  both  of  these  changes  in  the  thickness  and  width  should 
be  made;  while,  if  the  distance  between  the  faces  be  more  than  one  and 
a  half  (li)  times  the  depth  of  the  channels,  either  the  thickness  should 
be  increased  by  one-sixteenth  (i^o)  of  an  inch  and  the  width  sufficiently 
for  two  more  rivets  on  a  side,  or  the   thickness  should  be  increased 
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one-eighth  (^)  of  an  inch,  and  the  width  sufficiently  for  one  more  rivet 
on  a  side: 


Depth  of  Channel. 

Thickness  of  Stat 
Plates. 

Width  of  Stay  Plates. 

4" 

i" 

4" 

5" 

i" 

4" 

6" 

¥' 

4" 

7" 

I" 

4" 

8" 

tV 

4" 

9" 

iV 

6^" 

10" 

iV 

6i" 

12" 

¥ 

6J" 

But  if  single-riveted  lacing  be  used,  the  dimensions  of  the  stay- 
plates  may  be  taken  from  the  next  table,  the  same  allowance  as  before 
being  made  for  the  increased  distances  between  channels: 


Depth  of 

Channel. 

Thickness  of  Stay 
Plates. 

Width  of  Stay  Plates. 

4" 

¥ 

4" 

5" 

* 

V 

4" 

6" 

¥ 

Gi" 

7" 

¥ 

6i" 

8" 

■i," 

6^" 

9" 

iV 

6^' 

10' 

¥ 

8i" 

12" 

¥  ■ 

Sf 

Diameters  of  Rivets  for  different  Channels. -^F or  attaching  plates  and 
lattice  bars  to  channels,  the  least  diameters  of  the  rivets  to  be  used  may 
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be  taken  from  the  following  table,  and  the  greatest  diameters  should  not 
exceed  those  given  ia  the  table,  in  any  case,  by  more  than  one-eighth 
(j)  of  an  inch: 


Depth  of  channel 4"     5"     6"     7"     8"     9"  10"  12" 

Diameter  of  rivets, , ^"     \ 


5"        5."         5."        -3"        3."        a" 

8  8  8  4  4  4 


Inclinations  of  Lattice  and  Lacing  Bam. — Lattice  bars  should  make 
with  each  other,  as.  nearly  as  circumstances  will  permit,  angles  of  ninety 
(90)  degrees,  and  lacing  bars  angles  of  sixty  (60)  degrees. 

Sizes  of  Lattice  Bars. — The  minimum  sizes  of  lattice  bars  for  the  dif- 
ferent depths  of  channels,  when  the  distance  between  the  inner  faces 
of  the  latter  does  not  exceed  their  depth,  may  be  taken  from  the  follow- 
ing table;  but  if  this  distance  exceed  the  depth  and  be  less  than  one  and 
a  quarter  (li)  times  the  same,  either  the  thickness  of  the  bars  should  be 
increased  by  one-sixteenth  (i\)  of  an  inch,  or  their  width  by  one-half  (i) 
of  an  inch;  if  the  distance  between  faces  be  greater  than  one  and  a 
quarter  (li)  times  the  same,  both  of  these  changes  in  thickness  and  width 
should  be  made;  while,  if  the  distance  between  faces  exceed  one  and  a 
half  (1|)  times  the  depth,  the  thickness  should  be  increased  by  one- 
eighth  (^)  of  an  inch,  and  the  width  by  one-half  (i)  of  an  inch. 

This  table  can  be  made  to  apply  to  single  rivet  lacing  by  increasing 
the  widths  of  the  bars  by  three-eighths  (|)  of  an  inch,  and  making  the 
same  allowance  for  increased  distance  between  faces  of  channels: 


Depth  of  Channel. 

Thickness  of  Lattice 
Baks. 

Width  of  Lattice  Bars. 

4" 

i" 

H" 

5" 

i" 

If" 

6" 

1" 

4 

W 

7" 

i" 

11" 

8  " 

tV 

If" 

9" 

^" 

w 

10" 

tV 

2" 

12" 

3" 
8 

2J" 

471 

/Splice  Plates. — The  length  of  a  splice  plate  may  be  determined  by  the- 
number  of  rivets  necessary  to  transfer  the  stress  from  one  main  member 
to  the  other;  the  sum  of  the  working  resistances  to  shearing  of  all  the 
rivets  on  either  side  of  the  joint  should  not  be  less  than  the  stress  in  the 
main  member  upon  that  side,  nor  should  the  latter  stress  be  greater  than 
the  sum  of  the  working  resistance  at  the  bearing  surfaces  of  the  rivets 
on  that  side  of  the  joint. 

When  practicable,  a  splice  plate  should  be  placed  on  each  side  of 
every  member  where  a  splice  occurs. 

The  transmission  of  compressive  stresses  should  be  considered  as  en- 
tirely through  the  medium  of  the  rivets  and  connection  plates,  and  these 
should  be  proportioned  accordingly. 

Reinforcing  Plates. — Simple  reinforcing  plates,  or  plates  riveted  to 
webs  at  pin-holes  in  order  to  compensate  for  strength  lost  there,  or  ta 
provide  additional  bearings  for  the  pins,  should  have  as  many  rivets  to 
attach  them  to  the  webs  as  will  give  shearing  and  bearing  resistances  for 
same  at  least  equal  to  the  greatest  allowable  stresses  upon  the  reinforcing 
plates. 

Cover  Plates. — Cover  plates  for  top' chords  or  batter  braces  should 
have  the  same  section  as  the  chord  or  batter  brace  plate,  the  joints  of 
which  they  cover,  and  enough  rivets  on  each  side  of  the  joint  to  take  up 
the  greatest  allowable  stress  that  could  ever  come  upon  the  cover 
plate. 

Extension  or  Connecting  Plates. — All  extension  or  connecting  plates  on 
the  ends  of  struts,  for  the  purpose  of  attachment  by  pins  or  rivets,  should 
be  designed  of  such  a  strength  that  they  will  bear  without  buckling  the 
ultimate  resistance  to  compression  of  the  struts,  and  to  provide  sufficient 
bearing  for  pins  and  rivets.  There  should  be  a  sufficient  number  of  the 
latter  to  transfer  all  the  stress  in  the  post  to  the  extension  or  connecting 
plates. 

Shoe  Plates  and  Roller  Plates. — No  shoe  plates  or  roller  plates  should, 
have  a  less  thickness  than  three-quarters  (J)  of  an  inch. 

Beam  Hanger  Plates. — Beam  hanger  plates  should  never  be  made 
less  than  three-quarters  (f )  of  an  inch  thick,  and  their  areas  should  be 
such  that  the  hanger  nuts  will  always  have  a  full  bearing  thereon.  The 
necessary  thickness  for  a  beam  hanger  plate  may  be  found  by  consider- 
ing it  as  a  beam  uniformly  loaded  by  the  whole  weight  that  comes  on  the 
hangers,  the  length  of  said  beam  being  the  distance  between  the  centre 
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of  the  holes  throagh  which  pass  the  ends  of  one  hanger,  and  its  width 
being  the  extreme  dimension  of  the  plate  measured  parallel  to  the  floor 
beam.  The  working  stress  for  bending  in  the  plate  should  be  taken 
equal  to  that  used  in  proportioning  the  floor  beam. 

Riveting. — In  riveted  work  all  joints  should  be  squarely  and  truly 
dressed,  and  the  rivet  holes  accurately  spaced. 

No  rivets  with  crooked  heads  or  heads  not  formed  accurately  on  the 
shank,  or  rivets  which  are  loose  either  in  the  rivet  holes  or  under  the 
shoulders,  should  be  allowed  in  a  bridge. 

Rivet  holes  in  chords  may  be  spaced  as  nearly  as  practicable  three 
(3)  inches  centre  to  centre  near  the  panel  joints,  and  four  inches  centre 
to  centre  elsewhere. 

No  rivet  holes  should  be  less  than  one  and  a  half  (1^)  diameters  from 
the  edge  of  a  plate,  and  the  diameter  of  a  hole  should  never  exceed  that 
of  the  rivet  by  more  than  one-sixteenth  (i^e)  of  an  inch. 

When  two  or  more  thicknesses  of  plate  are  riveted  together  in  com- 
pression members,  the  outer  row  of  rivets  should  not  be  more  than  three 
(3)  diameters  from  the  side  edge  of  the  plate. 

All  the  rivet  holes  of  the  respective  parts  of  any  structure  should  be 
made  to  exactly  coincide,  either  by  drilling  the  holes  full  size  through 
the  connecting  portions  after  being  put  together,  or  by  sub-punching 
the  pieces  separately  and  afterwards  reaming  the  combined  rivet  holes  to 
proper  size-  In  all  cases  the  burrs  should  be  removed  by  slightly  coun- 
tersinking the  edges  of  the  holes. 

All  rivets  in  splice  or  tension  joints  should  be  systematically  arranged, 
so  that  each  half  of  a  tension  member  or  splice  plate  will  have  the  same 
uncut  area  on  each  side  of  its  centre  line.  No  rivet  should  have  a  less 
diameter  than  the  thickness  of  the  thickest  plate  through  which  it  passes, 
nor,  in  any  case,  less  than  half  (i)  an  inch. 

Use  of  Bolts. — The  use  of  bolts  instead  of  rivets  should  be  avoided 
whenever  possible. 

Floor  Beam  Stiff eroers.  —Floor  beams  should  be  well  stiffened  at  the 
points  of  support,  and  at  several  intermediate  points,  the  distance  apart 
of  the  stiffeners  being  made  no  greater  than  twice  the  depth  of  the  beam 
when  the  ratio  of  thickness  of  web  to  depth  of  beam  is  not  less  than  one- 
eightieth  (s^o)?  and  no  greater  than  one  and  a  half  (1^)  times  the  depth 
when  this  ratio  is  one  over  one  hundred  and  twenty  d^o)  \  distances  for 
intermediate  ratios  being  interpolated. 
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Angle  irons  rather  than  the  irons  should  be  used  as  stififeners,  and  be 
placed  opposite  to  each  other  instead  of  being  staggered. 

They  should  extend  from  the  upper  leg  of  the  upper  flange  to  the 
lower  leg  of  the  lower  flange  of  the  floor  beam,  being  made  flush  with 
the  other  legs  of  the  flanges  by  means  of  filling  plates. 

Rivets  in  Flanges  of  Beams. — In  spacing  the  rivets  in  the  flanges  of 
floor  beams,  the  latter  should  be  divided  into  equal  portions  of  about 
two  feet  in  length;  the  stresses  in  the  flanges  may  be  found  at  the  points 
of  division,  and  there  should  be  enough  rivets  between  any  consecutive 
points  of  division  to  take  up  the  difi'erence  of  the  stresses  at  the  points, 
providing  that  the  rivets  are  not  spaced  more  closely  than  two  and  a  half 
(2 1)  diameters,  nor  more  than  six  inches  apart. 

Limiting  Depths  of  Floor  Beams. — The  greatest  allowable  depths  for 
floor  beams  with  webs  of  different  thickness  may  be  taken  from  the  fol- 
lowing table  : 

Thickness  of  web i"     uj "       | " 

Depth  of  beam 30 "     38 "     45 " 

Eyes. — In  welded  heads  the  length  of  metal  behind  the  pin  should  be 
at  least  equal  to  the  diameter  of  the  pin;  while,  in  hammered  heads,  the 
amount  should  be  the  same  as  that  above  or  below  the  pin. 

The  least  amount  of  metal  in  the  heads  across  the  pins  is  given  in  the 
following  table  : 
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Metal  in  Head  aceoss  Pin. 

Width  of  Bar. 

DiAMETEE  OF  PiN. 

Welded. 

Hammered. 

0.80 

1.40 

1.50. 

1.04 

1.50 

1.50 

1.12 

1.50 

1.53 

1.20 

1.50 

1.56 

1.28 

1.50 

1.60 

1.36 

1.55 

1.72 

1.43 

1.60 

1.76 

1.50 

1.67 

1.85 

1.64 

1.67 

1.95 

1.77 

1.70 

2.05 

1.90 

1.76 

2.21 

In  loop  eyes  tlie  distance  of  the  inner  point  of  the  loop  from  the 
centre  of  the  pin  should  be  not  less  than  three  times  the  diameter  of  the 
pin,  where  the  section  at  the  eyes  is  reduced  to  a  minimum;  but  if  the 
bar  be  simply  turned  around  the  pin  and  welded,  this  distance  may  be 
decreased.  Pin-holes  in  eye-bars  should  be  bored  to  an  exact  size  and 
distance,  and  to  a  true  perpendicular  to  the  line  of  stress.  No  error  in 
the  length  of  bar  or  diameter  of  pin-hole  exceeding  one  sixty-fourth 
(eV)  of  ail  inch  should  be  allowed,  nor  any  variation  of  more  than  one- 
sixteenth  (-iV)  of  ^^  inch  between  the  centre  of  the  eye  and  the  centre 
line  of  the  bar. 

Pins. — Pins  should  be  proportioned  to  resist  the  bending  produced 
in  them  by  the  bars  or  struts  which  they  connect. 

No  pin  should  have  a  diameter  less  than  eight-tenths  (-iV)  of  the 
depth  of  the  deepest  bar  coupled  thereon,  nor  should  it  vary  from  that 
of  the  eyes  of  the  bars  coupled  thereto  by  more  than  one-fiftieth  (5^0)  of 
an  inch. 

Pin  Bearing. — Where  a  pin  bears  against  a  reinforced  channel  bar, 
the  web  of  the  latter  should  not  be  assumed  to  take  up  any  bearing 
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stress,  unless  the  reinforcing  plate  or  plates  were  riveted  to  it  before  the 
pin-hole  was  bored. 

Expansion  Rollers. — Expansion  rollers  should  be  proportioned  by  the 
formula,  P  =  ^0.135<;/,  where  P  is  the  working  load  in  tons  per  lineal 
inch  of  roller,  and  d  is  the  diameter  of  roller  in  inches.  The  least  allow- 
able diameter  for  roller  should  be  one  and  three-quarters  (If)  inches  for 
bridges  of  Class  A,  and  one  and  a-half  (1^)  inches  for  bridges  of  Classes 
B  and  C. 

The  spaces  between  rollers  should  never  exceed  three-quarters  (J)  of 
their  diameter. 

Turnbuckles  and  Sleeve- Nuts. — All  turnbuckles  and  sleeve-nuts  should 
be  made  so  strong  that  they  will  be  able  to  withstand  without  rupture 
the  ultimate  pull  of  the  rods  which  they  connect.  U-nuts  are  not  to  be 
used  in  any  part  of  a  bridge. 

Sizes  of  Nuts. — The  dimensions  of  all  square  and  hexagonal  nuts  for 
the  various  diameters  of  rods  may  be  taken  from  "  Carnegie's  Pocket 
Companion,"  pages  130  and  131,  excepting  those  nuts  on  the  ends  of 
pins,  which  are  subject  to  but  a  slight  tendency  to  shear  the  thread.  In 
this  case  these  dimensions  may  be  diminished  in  direct  proportion  to 
this  tendency  until  the  thickness  reaches  the  limit  of  one-half  (i)  of  an 
inch. 

Washers  and  Nuts. — Washers  and  nuts  should  have  a  uniform 
bearing. 

Jaws. — Great  care  should  be  taken  in  designing  jaws  for  the  end  of 
any  strut  that  they  be  so  strong  in  every  respect  that  when  the  ^ strut 
is  subjected  to  its  ultimate  load  it  will  fail  in  the  middle  rather  than  at 
the  ends. 

Brackets. — Brackets  or  knees  should  be  used  to  connect  each  over- 
head strut  to  the  posts  or  batter  braces.  They  may  be  of  ^ee,  angle  or 
channel  iron,  and  made  straight  instead  of  curved. 

Gutting  off  the  Flanges  of  Channels. — The  flanges  at  the  ends  of  channel 
bars  should  never  be  cut  away,  if  it  be  possible  to  avoid  doing  so;  if 
not,  there  should  be  sufficient  reinforcing  used  to  make  the  strut  as 
strong  as  it  would  have  been  with  the  flanges  uncut. 

Iron  Hand-Railing. — If  the  hand-rail  employed  be  of  iron,  it  should 
be  made  strong  and  rigid,  and  be  firmly  attached  to  the  floor  beams. 

Sizes  of  Floori7ig  and  Joists. — Pine  flooring  should  be  made  at  least 
three  (3)  inches  thick,  and  oak  flooring  at  least  two  and  a-half  (2^)  inches 
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thick.  It  should  be  laid  with  close  joints,  and  well  spiked  to  each  joist 
with  seven  (7)  inch  cut  spikes.     Joists  should  be  proportioned  by  the 

formula,  W  =    —-^,  where  TFis  the  safe,  uniformly  distributed  load  in 

tons,  b  the  breadth  of  the  joist  in  inches,  d  the  depth  of  same  in 
inches,  I  the  length  in  feet,  and  c  =  16  for  pine  and  12.5  for  oak.  Where 
the  load  is  concentrated  on  wheels,  it  may  be  considered  as  supported 
equally  between  the  joists  directly  under  the  wheels  and  those  con- 
tiguous to  the  same  ;  i.  e.,  the  wheels  on  one  side  of  a  wagon  are  sup- 
posed to  be  placed  directly  over  a  joist,  which  joist  is  assumed  to  take 
half  their  load,  the  remaining  half  being  equally  divided  between  the 
two  adjoining  joists.  All  concentrated  loads  should  be  properly  reduced 
to  equivalent  uniformly  distributed  loads,  in  respect  to  deflection,  before 
applying  the  formula.  The  minimum  live  load  to  be  used  for  propor- 
tioning joists  for  bridges  of  Classes  A  and  B  may  be  taken  as  one  hun- 
dred (100)  pounds  per  square  foot ;  and  for  bridges  of  Class  C  eighty 
(80)  pounds  per  square  foot,  regardless  of  the  length  of  span  of  the 
bridge. 

Wooden  Hand- Rails,  &c. — Wooden  hand-railing  may  be  made  of  pine, 
the  posts  being  4"  X  6"  X  4',  with  two  runs  of  2"  X  6"  timbers,  one  on 
its  flat  and  the  other  below  on  edge  to  support  the  first,  for  a  hand-rail ; 
and  one  run  of  2 "  X  12"  hub  plank.  The  latter  and  the  lower  run  of 
2 "  X  6 "  may  be  let  into  the  posts  to  their  full  depth,  and  spiked  to  same 
with  five  (5)  inch  cut  spikes,  and  the  posts  are  to  be  halved  on  to  the 
outer  joists,  to  which  each  one  is  to  be  bolted  by  two  (2)  five-eighth  (f ) 
inch  bolts. 

Guard-rails  may  be  of  6"  X  6''  pine,  bolted  to  the  floor  once  in,  at 
most,  every  five  (5)  feet  by  five-eighth  (f )  inch  bolts. 

Details  not  Previously  Mentioned. — Finally,  as  regards  the  proportion- 
ing of  any  structure,  if  cases  should  occur  which  are  not  covered  by 
the  preceding  specifications,  the  following  rule  should,  in  all  such  cases, 
be  adhered  to  :  "  Details  should  always  be  proportioned  so  as  to  resist 
every  direct  and  indirect  stress  that  may  ever  come  upon  them  under 
any  probable  circumstances,  without  subjectiog  any  portion  of  their 
material  to  a  stress  greater  than  the  legitimate  corresponding  working 
stress. " 

Cast-Iron. — No  cast-iron  should  be  used  anywhere,  unless  it  be  for 
washers  for  hand-rail  post  bolts. 
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Field  Riveting. — Field  riveting  should  be  done  with  the  button 
set ;  the  heads  of  the  rivets  should  be  hemispherical,  and  no  rough 
edges  be  left. 

Painting. — All  iron-work  should  be  thoroughly  cleaned  (by  acid 
or  otherwise),  and  all  scale  or  oxide  formed  in  rolling  or  working 
removed  from  the  surface  before  painting.  All  iron-work  should  have 
one  coat  of  metallic  paint  before  leaving  the  shop,  and  before  corrosion 
commences.  All  turned  and  faced  parts  should  receive  a  coat  of 
tallow,  mixed  with  white-lead,  before  shipment. 

After  erection,  all  iron-work  should  receive  two  coats  of  metallic 
paint,  mixed  in  equal  parts  of  paraffine  and  linseed  oil,  dissolved  and 
applied  while  hot. 

Timber, — All  timber  should  be  of  the  best  quality,  free  from  wind 
shakes,  large  knots,  decayed  wood,  sap,  or  any  defect  that  would  impair 
its  strength  or  durability. 

Quality  of  Workmanship.  — All  workmanship  should  be  first-class  ; 
abutting  joints  truly  planed  or  dressed,  so  as  to  secure  a  perfect  bearing; 
the  pin-holes  in  chords  and  posts  bored  as  truly  as  specified  for  the  eye- 
bars;  and  no  rough  corners  or  edges  left  on  the  iron- work. 

Tests  of  Materials. — All  wrought-iron  should  have  an  elastic  limit  of 
not  less  than  twenty-six  thousand  (26  000)  pounds  per  square  inch. 

Full-sized  bars  of  flat,  round  or  square  iron,  not  over  four  and  a 
half  (4:^)  square  inches  in  sectional  area,  should  have  an  ultimate 
strength  of  fifty  thousand  (50  000)  pounds  per  square  inch,  and  should 
stretch  twelve  and  a  half  (12^)  per  cent,  of  the  whole  length. 

Bars  of  a  larger  sectional  area  than  four  and  a  half  (4^)  square 
inches  may  be  allowed  a  reduction  of  one  thousand  (1  000)  pounds  per 
square  inch  for  each  additional  square  inch  of  section,  down  to  a 
minimum  of  forty-six  thousand  (46  000)  pounds  per  square^  inch. 

Specimens  of  a  uniform  section  of  at  least  one  square  inch  taken  from 
bars  of  four  and  a  half  (4^)  square  inches  section  and  under,  should 
have  an  ultimate  tensile  strength  of  fifty-two  thousand  (52  000)  pounds 
per  square  inch,  and  stretch  eighteen  (18)  per  cent,  in  eight  (8)  inches. 

Similar  specimens  from  bars  of  a  larger  section  than  four  and  a  half 
(4i)  square  inches  may  be  allowed  a  reduction  of  five  hundred  (500)  pounds 
per  square  inch  for  each  additional  square  inch  of  section  down  to  a 
minimum  of  fifty  thousand  (50  000)  pounds  per  square  inch. 

Similar  sections  from  angle  and  other  shaped  iron  should  have  an 
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ultimate  strength  of  fifty  thousand  (50  000)  pounds  per  square  inch, 
and  stretch  fifteen  (15)  per  cent,  in  eight  (8)  inches. 

Similar  specimens  from  plate  iron  should  have  an  ultimate  strength  of 
forty-eight  thousand  (48  000)  pounds  per  square  inch,  and  stretch  fifteen 
(15)  per  cent,  in  eight  (8)  inches. 

All  iron  for  tension  members  should  bend  cold,  without  cracking, 
through  an  angle  of  ninety  (90)  degrees  to  a  curve  of  which  the  diameter 
is  not  more  than  twice  the  thickness  of  the  piece,  and  at  least  one  sample 
in  three  should  bend  one  hundred  and  eighty  (180)  degrees  to  this 
curve  without  cracking. 

Specimens  from  plate,  angle  and  other  shaped  iron  should  bend 
cold,  without  cracking,  through  an  angle  of  ninety  (90)  degi'ees  to  a 
curve,  of  which  the  diameter  is  not  more  than  three  times  the  thickness 
of  the  specimen. 

Rivets  should  be  of  the  best  quality  of  iron,  and  so  ductile  that  a 
bar  of  the  diameter  of  the  largest  rivet  will  bend  close  through  one 
hundred  and  eighty  (180)  degrees  without  sign  of  fracture. 

Tests  of  Structure. — On  the  completion  of  the  entire  structure,  any 
bridge,  after  being  in  constant  use  for  one  day,  may  be  tested  by  a  load 
equal  to  that  for  which  it  was  designed  remaining  upon  it  for  at  least 
one  hour  without  showing  any  permanent  set. 
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THE  ANNUAL  MEETING  OF  THE  SOCIETY. 

January  17th,  1883. — The  Society  met  at  10  a.  m., Vice-President  Wil- 
liam H,  Paine  in  the  chair  ;  John  Bogart,  Secretary.  Messrs.  Samuel 
M.  Gray,  J.  G.  Van  Home  and  F.  A.  Calkins  were  appointed  tellers  of 
the  vote  to  be  canvassed  for  officers  of  the  Society . 

The  Secretary  then  read  the  Annual  Report  of  the  Board  of  Direction,* 
which  was,  on  motion,  accepted. 

The  Report  of  the  Treasurer  *  was  then  read  and  accepted. 

The  Report  of  the  Finance  Committee  *  was  then  read  and  accepted. 

On  motion,  the  Committee  on  a  Uniform  System  for  Tests  of  Cements 
was  continued. 

The  Report  of  the  Committee  on  Uniform  Standard  Time  was  pre- 
sented as  follows: 


*  Printed  separately. 


REPORT  OF  THE  SPECIAL  COMMITTEE  ON  STANDARD  TIME, 

AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS,  NEW 

YORK,  JAN.  17th,  1883. 

The  Special  Committee  on  Standard  Time  beg  leave  to  submit  the 
following  report: 

In  accordance  with  the  resolution  of  the  Society,  at  the  meeting  at 
Washington,  on  the  17th  of  May  last,  the  Committee  have  continued 
their  efforts  to  effect  the  objects  set  forth  in  the  report  then  presented. 
Agreeably  to  the  instructions  of  the  meeting,  a  petition  was  forwarded  to 
the  Congress  of  the  United  States,  respectfully  praying  that  steps  be 
taken  for  the  establishment  of  a  prime  or  zero  meridian. 

On  the  3rd  of  August  last,  the  following  Joint  Resolution  was  passed 
by  Congress: 

Joint  Resolution. 

To  authorize  the  President  of  the  United  States  to  call  an  Interna- 
tional Conference  to  fix  on  and  recommend  for  universal  adoption  a 
common  prime  meridian  to  be  used  in  the  reckoning  of  longitude  and 
the  regulation  of  time  throughout  the  world. 

Resolved  by  the  Senate  and  House  of  Repr-eseniatives  of  the  United  States 
of  America  in  Congress  assembled^  That  the  President  of  the  United  States 
be  authorized  and  requested  to  extend  to  the  Governments  of  all  nations 
in  diplomatic  relations  with  our  own  an  invitation  to  appoint  delegates 
to  meet  delegates  from  the  United  States  in  the  City  of  Washington,  at 
such  time  as  he  may  see  fit  to  designate,  for  the  purpose  of  fixing  upon 
a  meridian  proper  to  be  employed  as  a  common  zero  of  longitude  and 
standard  of  time  reckoning  throughout  the  globe;  and  that  the  Presi- 
dent be  authorized  to  appoint  delegates,  not  exceeding  three  in  number, 
to  represent  the  United  States  in  such  International  Conference. 

The  President  of  the  United  States,  on  the  5th  December,  1882, 
informed  Congress  by  message  that  he  had  directed  the  Secretary  of  State 
to  address  foreign  Governments  in  conformity  with  the  terms  of  the 
Joint  Resolution. 

On  the  31st  July,  1882,  the  Chairman  of  the  Special  Committee 
addressed  a  letter  to  the  President  of  the  American  Association  for  the 
Advancement  of  Science.     A  copy  is  appended. 

The  Chairman  attended  the  meeting  of  the  Association  held  in 
August,  in  Montreal,  and  took  part  in  the  discussion  on  the  question  of 
standard  time.  He  explained  the  action  taken  by  tjiis  Society  and  the 
Course  suggested  in  his  letter  to  the  President  of  the  Association.  A 
committee  was  appointed  to  represent  the  Association  at  the  proposed 
Convention,  and  generally  to  assist  and  co-operate  in  the  objects  referred 
to  in  the  communication. 


In  the  report  of  the  Special  Committee  presented  to  the  Society  at  tlie 
Washington  Convention  last  May,  it  was  set  forth  that  a  pamphlet  contain- 
ing various  documents  bearing  on  the  subject  of  time-reform  had  been 
circulated ;  that  a  series  of  questions  prepared  with  the  view  of  eliciting 
all  shades  of  opinions  had  been  issued;  and  that  replies  had  been  received 
from  many  prominent  men  connected  with  the  profession,  with  railways 
and  telegraphs,  and  with  scientific  bodies.  These  replies  embrace  opin- 
ions on  each  of  the  eleven  questions  submitted  from  137  dififerent  sources 
in  the  United  States,  Canada  and  Mexico.  They  have  been  classified  and 
printed.  They  present  much  interesting  and  valuable  information,  and 
are  marked  by  a  striking  unanimity  on  the  main  questions. 

Since  these  replies  to  questions  were  published,  other  replies  have 
been  received,  among  which  are  communications  from  the  managers  of 
two  great  trans-continental  railways  entirely  approving  of  the  scheme 
issued  by  the  Committee  last  March.  In  one  case  the  manager  states 
that  he  has  experimentally  applied  the  system,  with  the  happiest  results- 

At  the  Washington  Convention  the  Committee  felt  warranted  in  report- 
ing the  general  opinion  in  every  section  of  the  country  heard  from,  as  fol- 
lows: "The  opinion  has  also  been  generally  expressed  that  while  our 
*'  time  system  should  be  in  harmony  with  that  of  other  nations,  the 
"  necessity  for  reform  on  this  continent  is  so  urgent  that  we  should  not 
"  wait  for  other  nations  to  move  in  the  matter.  That  we  should,  as  soon 
**  as  practicable,  inaugurate  a  system,  the  primary  object  of  which  would 
**  be  to  meet  our  own  requirements.  But  that  in  taking  the  initiative  we 
"  should  by  all  means  adopt  a  system  capable  of  extension  to  the  whole 
'*  globe,  and  that  we  should  to  some  extent  give  other  nations  an  oppor- 
"  tunity  of  co-operating  with  us." 

The  recent  action  of  Congress  is  a  most  important  step  in  the  move- 
ment to  bring  into  operation  the  views  set  forth  by  the  Society.  The 
adoption  of  an  initial  meridian  or  time-zero,  to  be  used  by  all  nations, 
will  at  once  serve  our  own  purposes  on  this  continent  and  establish  the 
key  to  ultimate  entire  uniformity  of  system  everywhere.  The  Interna- 
tional Conference  will  be  convened  directly  for  the  establishment  of  an 
initial  meridian.  This  determination  will  have  an  important  bearing  on 
the  regulation  of  time,  but  the  question  of  standard  time  itself  may 
with  advantage  be  considered  separately,  and  in  anticipation  of  a  settle- 
ment of  the  international  question  in  the  manner  prescribed  by  Joint 
Resolution  of  Congress. 

The  Committee  accordingly  submit  that  the  interests  of  the  public 
will  be  best  consulted  by  the  calling  of  a  Convention  to  examine  into 
all  the  considerations  bearing  on  the  questions  of  time-reckoning,  and 
to  determine  and  recommend  a  system  for  regulating  time  which  will 
secure  the  greatest  advantages  to  all  interested  in  every  locality  in  North 
America.  In  the  opinion  of  the  Committee,  the  Convention  should 
consist  of  delegates  representing   railway,  telegraph  and   transportation 


corporations,  scientific  societies,  chambers  of  commerce,  Departments 
of  State  and  other  bodies  interested,  in  the  United  States,  Canada  and 
Mexico. 

The  documents  referred  to  are  appended. 

Sandfoed  Fleming,  Chairman, 
Charles  Paine, 

a         •   ^  n        ^-^t  TheODORB  N.   ElY, 

Special  Committee.    \  j    ^    ^^^^^^^ 

I  J.  E.  HiLGARD, 

[  T.  Egleston. 

Documents  Appended. 

1.  Letter  from  the  Chairman  to  the  President  of  the  American  Asso- 
ciation for  the  Advancement  of  Science,  July  31st,  1882. 

2.  List  of  persons  from  whom  replies  have  been  received  to  the  series 
of  questions  issued  by  the  Special  Committee. 

3.  Additional  list  of  persons  from  whom  replies  have  been  received 
to  the  series  of  questions  (MSS.). 

4.  Classified  replies  (1  to  137,  inclusive)  to  the  series  of  questions 
(printed). 

5.  Additional  replies  (138  to  146,  inclusive)  to  the  circular  of  ques- 
tions (MSS.). 

6.  Questions  issued  in  March,  1882,  by  the  Special  Committee. 

On  motion,  the  report  was  accepted  and  the  Committee  continued. 

On  motion,  the  following  resolutions  were  adopted: 

Resolved,  1.  That  the  report  submitted  by  the  Special  Committee  on 
Standard  Time  be  accepted,  and  that  the  Committee  be  continued,  and 
requested  to  take  all  such  steps  as  they  may  consider  expedient  and  ne- 
cessary to  carry  out  the  views  of  the  Society  in  respect  to  the  important 
question  referred  to  them. 

Resolved,  2.  That  it  is  in  the  public  interest  that  a  convention  be  held 
at  as  early  a  date  as  practicable  to  examine  into  the  question  of  regulat- 
ing time  for  railway,  telegraph  and  civil  purposes  generally,  and  to 
determine  and  recommend  a  system  of  standard  time  which  will 
secure  the  greatest  advantage  to  all  interested  throughout  North 
America. 

Resolved,  3.  That  every  important  interest  affected  by  the  regulation 
of  time  should  be  represented  in  the  proposed  Convention,  and  that  it 
should  specially  consist  of  delegates  from  railway,  telegraph  and  trans- 
portation corporations,  scientific  bodies,  chambers  of  commerce  and 
Government  departments. 

Resolved,  4.  That  the  Society  is  prepared  to  be  represented  by  dele- 
gates in  the  Convention,  and  to  co-operate  with  other  bodies  in  respect 
to  it. 


Resolved,  5.  That  if,  on  ascertaining  the  views  of  other  bodies  inter- 
ested in  the  movement,  and  it  be  deemed  expedient  to  do  so,  a  petition 
may  be  forwarded  to  Congress,  in  the  name  of  the  Society,  res^Dectfully 
praying  that  steps  be  taken  for  the  calling  of  the  Convention. 

The  tellers  presented  the  canvass  of  the  ballot  for  officers,  and  the 
following  members  were  declared  elected  officers  of  the  Society  for  the 
ensuing  year  : 

President:  Charles  Paine. 

Vice-Presidents :  William  H.  Paine,  Henry  Flad. 
Secretary  and  Librarian :  John  Bogart. 
Treasurer :  J.  James  R.  Croes. 

Directors:  George  S.  Greene,  Jr.,  Joseph  P.  Davis,  William  Met- 
CALF,  William  E.  Merrill,  William  G.  Hamilton. 

The  Board  of  Censors  to  award  the  Norman  Medal — Messrs.  George  S. 
Greene,  William  E.  Merrill  and  John  Kennedy — then  presented  their 
report,  awarding  the  medal  to  the  paper,  ' '  Description  of  Some  Experi- 
ments on  the  Flow  of  Water  made  during  the  Construction  of  Works 
for  Conveying  the  Water  of  Sudbury  River  to  Boston."  The  authors 
of  this  paper  are  Messrs.  A.  Fteley  and  E,  P.  Stearns,  members  of  the 
Society. 

The  Secretary  then  presented  a  canvass  of  the  suggestions  that  had 
been  made  by  members  in  response  to  the  circular  in  reference  to  the 
place  and  time  for  the  next  Annual  Convention  of  the  Society,  as  fol- 
lows : 

Minneapolis  was  suggested  by T-i 

San  Francisco     *'  "     13 

Chicago  "  "     11 

New  York  "  "     5 

St.  Paul  "  "     4 

St.  Louis  "  "     4 

Philadelphia        "  "      2 

Denver  "  " 2 

And  the  following  named  places  by  one  each:  Toronto,  Detroit,  White 
Sulphur  Springs,  Pittsburgh,  Newport,  Louisville,  Cincinnati,  Jackson- 
ville, Fla.,  Milwaukee,  Memphis. 

The  month  of  June  was  suggested  by 51 

"     May 

"     July 

"  ♦'     January     *' 

"     August      " 

♦♦  "     February  " 

And  one  for  each  of  the  following  : 

April,  September  and  October. 

An  invitation  from  the  officers  of  the  National  Exposition  of  Railway 


25 

12 

4 

4 

•) 
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Appliances,  to  be  held  at  Chicago  in  June  next,  was  then  presented, 
asking  this  Society  to  hold  its  Convention  at  Chicago  during  the  time  of 
that  Exposition. 

A  letter  was  presented  from  D.  J.  Whittemore,  M.  Am.  Soc.  C.  E., 
renewing  the  invitation  to  the  Society  to  hold  its  Convention  at  Minnea- 
polis or  St.  Paul.  After  discussion  it  was,  on  motion,  resolved  that  the 
determination  of  the  time  and  place  for  the  next  Convention  should  be 
referred  to  the  Board  of  Direction,  with  power  to  make  all  requisite 
arrangements. 

Proposed  amendments  to  the  Constitution  were  then  discussed. 

The  first  amendment  regularly  proposed  is  : 

Proposed  amendment  to  Article  XXII. 

Add  at  end  of  article  as  follows  : 

Auy  member  of  the  Society  not  in  arrears  for  dues,  may  compouud  for  future  annual  dues 
by  the  payment  of  Two  Hundred  and  Fifty  Dollars;  Provided,  however,  that  each  person  duly 
elected  a  member  shall  pay  the  entrance  fee  and  also  the  annual  dues  for  the  current  year  of 
his  election. 

Provided,  also,  that  any  member  desiring  to  compound  for  future  annual  dues  shall  have 
paid  the  annual  dues  for  a  current  year  before  the  compounding  sum  may  be  available. 

Provided,  also,  that  in  addition  to  the  sum  provided  for  corapoundine  dues,  there  shall 
be  paid  by  each  compounding:  member,  resident  within  fifty  miles  of  the  Post  Office  in  the  City 
of  New  York,  the  sum  of  Ten  Dollars  per  year  for  five  years  after  compounding. 

Should  a  resident  member  become  non-resident  at  any  time  during  the  five  years  after 
compounding  he  shall  be  relieved  from  the  payment  of  such  annual  sum  during  the  time  of 
non-residence. 

Should  a  non-resident  member  become  resident  at  any  time  within  five  years  after  com- 
pounding, he  shall  be  liable  to  the  annual  payment  of  Ten  Dollars  for  each  year  of  residence 
up  to  five  years  after  compounding. 

Members  compounding  shall  sign  an  agreement  that  they  will  be  governed  by  the  Con. 
stitution  and  By-Laws  of  the  Society  as  they  are  now  formed  or  as  they  may  be  hereafter  altered, 
amended  or  enlarged  ;  that  in  case  of  their  desiring  to  withdraw  their  names  from  the  roll  of 
the  Society,  the  amount  theretofore  paid  by  them  for  compounding,  and  lor  entrance  fee-^  and 
annual  dues,  shall  be  the  property  of  the  Society  ;  that  in  case  of  expulsion,  the  amount  paid 
for  compounding  shall  be  returned  to  the  expelled  member,  but  not  the  amount  theretofore 
paid  for  entrance  fees  or  for  annual  dues. 

The  Chaie. — This  proposed  amendment  is  now  before  you. 

Mr.  Haight. — When  moving  an  amendment  to  the  proposed  amend- 
ment of  Article  22  of  the  Constitution,  it  seems  proper  I  should  give  my 
reasons  therefor.  It  seems  desirable  that  an  article  to  be  incorporated 
in  our  Constitution  should  contain  less  provisos  than  the  one  submitted, 
and  should  be  more  determinate  in  its  language.  The  proposed  amend- 
ment, while  favoring  present  non-resident  members  by  requiring  that 
they  should  pay  no  annual  dues  if  they  remain  non-residents  for  five 
years  after  compounding,  even  though  all  their  after  years  be  spent 
where  they  will  be  classed  as  residents,  discriminates  unfairly  against 
present  resident  members,  who  may  not  be  residents  after  five  years 
from  the  time  of  compounding.  Present  non-resident  members,  not 
being  required  to  pay  annual  dues  if  they  remain  non-residents  for  five 
years,  may  spend  the  after  years  of  their  lives  within  the  limits  of  resi- 


dency  without  being  required  to  pay  more.  Requiring  those  compound- 
ing to  again  subscribe  to  the  Constitution  and  By-Laws  only  weakens 
the  force  of  the  obligations  incurred  by  subscribing  to  Form  A  in  the 
Appendix,  as  required  by  Article  22.  It  seems  to  me  that  once  sub- 
scribing to  the  Constitution  and  By-Laws  should  be  of  sufficient  force  to 
abide  forever,  so  long  as  the  person  is  a  member.  The  proposed  amend- 
ment, by  providing  for  return  of  the  compounding  fee  to  members  who  are 
expelled,  appears  to  be  offering  a  premium  to  those  persons  designing  to 
withdraw  from  the  Society,  to  perform  acts  which  will  lead  to  their  ex- 
pulsion. In  the  amendment  I  now  propose  there  are  no  provisos  in- 
corporated, and  no  distinction  is  made  between  resident  and  non-resi- 
dent members,  as  the  itinerant  nature  of  our  profession  makes  it  possible 
or  probable  that  a  few  years  may  cause  an  entire  reversal  of  the  condi- 
tions of  many  in  that  respect.  As  the  benefits  of  compounding  will  be 
received  principally  by  those  least  needing  them,  because  of  their  being 
best  able  to  pay  largely,  it  appears  as  though  the  compounding  fee 
should  be  so  large  that  the  Society  should  be  benefited  thereby.  As  it 
is  desirable  that  the  indebtedness  upon  the  building  should  be  liquidated 
as  speedily  as  possible,  it  would  be  well  that  a  member  should  be 
encouraged  to  contribute  to  the  Building  Fund  ;  and  simple  justice  re- 
quires that  members  in  adverse  circumstances  should  not  be  liable  to  ex- 
pulsion because  of  their  indebtedness  to  the  Society,  so  long  as  their 
indebtedness  is  less  than  the  amount  of  their  previous  voluntary  contri- 
butions. 

I  therefore  move,  as  a  proposed  amendment  to  the  amendment,  the 
substitution  of  the  following  therefor  : 

"  Any  member  of  the  Society,  after  having  paid  his  entrance  fees  and 
the  annual  dues  for  the  year  of  his  becoming  a  member,  and  not  in 
arrears  to  the  Society,  may  compound  for  future  annual  dues  by  the 
payment  of  $300.  All  sums  paid  for  entrance  fees,  for  the  Building 
Fund,  for  annual  dues,  or  for  compounding  for  annual  dues  by  virtue  of 
this  amendment,  shall  be  the  property  of  the  Society,  and  no  portion 
thereof  shall  be  returned  by  reason  of  resignation  or  expulsion  of  a 
member  so  compounding.  No  person  shall  be  liable  to  expidsion  because 
of  being  in  arrears  to  the  Society,  unless  the  amount  of  his  indebtedness 
shall  exceed  the  amount  of  his  previous  contributions  to  the  Building 
Fund." 

The  Secretary. — In  order  to  do  that,  sir,  you  will  have  to  amend 
another  article  of  the  Constitution.  One  of  our  troubles  in  the  past  has 
been  that  amendments  have  been  offered  which  have  affected  other  articles, 
and  the  proposers  have  not  thought  of  that,  and  we  have  had,  several 
times  in  the  past,  conflicting  provisions.  The  reason  of  the  number  of 
provisos  is  that  there  should  be  no  such  conflict. .  This  proposed  amend- 
ment immediately  conflicts  with  another  definite  article  of  the  Con- 
stitution. 
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Mr.  LocKwooD. — Mr.  Haight's  motion  was  not  seconded. 

The  Chaik. — Is  this  amendment  seconded  ? 

The  amendment  was  not  seconded. 

The  Chair. — Discussion  on  the  original  proposed  amendment  is  in 
order.  I  will  make  an  explanation,  as  my  name  appears  as  one  of  the 
proposers  of  the  original  amendment.  When  the  subject  of  compound- 
ing for  dues  came  up  a  long  time  since  and  was  referred  to  the  Finance 
Committee,  there  was  such  a  state  of  our  finances  at  that  time,  that  the 
propositions  then  presented  could  not  be  entertained  with  safety.  I  am 
pleased  to  say  that  our  finances  are  advanced  to  a  better  standing,  and 
we  are  now  in  position,  as  the  Finance  Committee  thinks,  to  take  advan- 
tage of,  and  present  the  sum  that  is  here  mentioned  as  a  proper  sum  for 
compounding  ;  and  that  is  why  it  is  presented  by  the  Finance  Commit- 
tee to  the  Board  of  Direction,  and  through  the  Board  of  Direction  to 
the  Society. 

General  G.  S.  Greene. — This  provides  for  a  life  membership. 

The  Secretary. — Yes,  sir  ;  that  is  it. 

The  Chair, — Yes,  sir.  In  other  words,  we  think  the  finances  will 
stand  this  sum . 

Mr.  Croes. — Mr.  Chairman,  there  is  a  question  raised  by  a  gentleman 
sitting  near  me  with  regard  to  the  reason  for  putting  in  the  proposition 
that  in  case  of  expulsion  the  amount  paid  for  compounding  should  be 
returned  to  the  expelled  member.  I  would  like  to  have  from  the  Secre- 
tary, as  he  has  looked  into  that  matter,  his  presentation  of  the  case — 
why,  after  full  discussion,  it  was  so  proposed  by  the  Board  of  Direction. 

The  Secretary. — The  reason  for  that  is  to  avoid  the  possibility  of  a 
legal  complication  such  as  recently  occurred  in  this  city.  The  ground 
of  a  suit  against  a  club  was,  that  once  having  paid  a  fee  for  life  m.em- 
bership,  the  club  did  not  have  the  right  to  expel  a  member;  that  he  thereby 
obtained  a  corporate  right  in  the  club,  which  he  could  not  be  deprived 
of.  The  point  has  been  made  that  if  there  had  been  a  provision  in  the 
law  of  the  club,  that  in  case  of  expulsion  that  sum  for  life  membership 
should  be  returned,  and  this  was  agreed  to  at  the  time  of  subscribing, 
then  there  would  be  no  question.  Expulsion,  of  course,  is  an  exceedingly 
improbable  matter  to  come  up.  We  never  had  a  case  of  it  in  this 
Society  at  all.  We  have  had  a  good  many  suspensions  for  non-payment 
of  dues,  but  that  is  not  expulsion.  One  article  of  the  law  of  the  Society 
refers  to  a  person  who  shall  not  pay  his  dues,  that  he  ceases  to  be  a 
member,  but  that  is  not  expulsion.  That  cannot  affect  a  man  who  has 
paid  his  -1250,  for  there  are  no  more  dues  to  pay  ;  but  there  is  a  special 
provision  in  regard  to  the  expulsion  of  a  member  after  due  trial,  etc . 

Now,  as  that  can  come  up  only  in  very  extreme  cases,  it  has  been 
suggested  that  the  safest  way  would  be  to  avoid  all  possible  legal  com- 
plications. If  we  expel  a  man  we  might  just  as  well  not  have  his 
money  ;  we  liave  had  the  interest  on  it  while  ho  was  a  member,  and 
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therefore,  under  the  advice  the  Secretary  took,  that  clause  was  put  in. 
The  Secretary  was  told  that  the  clause  would  avoid  all  possible  trouble. 
The  Society  can  better  afford  to  lose  the  amount,  having  had  the  interest 
during  the  time  of  membership,  than  to  give  the  member  any  possible 
legal  ground  for  controversy . 

General  G.  S.  Greene. — Would  not  it  be  just  as  well,  when  he  com- 
pounds, to  get  a  statement  from  him  that  he  submits  to  the  rules  ? 

The  Secret AKY. — The  amendment  provides  that  members  com- 
pounding shall  sign  such  an  agreement. 

General  G.  S.  Greene. — Then  why  is  it  necessary  to  return  the 
money  ? 

The  Secretary. — Because  a  lawyer  told  me  it  would  be  better. 

General  G.  S.  Greene. — Has  that  case  been  decided  against  the 
club  referred  to  ? 

The  Secretary. — No,  sir  ;  it  is  in  the  courts  yet. 

Mr.  Cooper. — In  reference  to  this  whole  matter,  I  cannot  help  thinking 
as  I  did  when  I  saw  the  circular,  that  it  does  not  seem  to  be  prudent, 
under  the  present  circumstances,  to  adopt  this  method  of  compounding, 
although  I  am  in  favor  of  it  as  a  member.  If  I  am  correctly  informed, 
we  now  have  some  surplus  funds.  But  a  very  considerable  portion  of 
this  is  made  up  from  the  payment  of  entrance  fees.  Until  we  have  a 
permanent  fund — enough  to  pay  the  Secretary  and  clerk  hire,  and 
enough  to  perfect  the  library  in  addition — I  think  we  ought  to  get  all 
the  fees  we  can.  Until  we  are  entirely  above  board  and  have  everything 
in  the  shape  it  ought  to  be,  I  think  we  should  hesitate  in  this  matter. 

Mr.  Croes. — The  reason  for  making  resident  members  pay  more  for 
five  years,  was  because  it  was  thought  possible  that  the  applications  for 
compounding  might  come  largely  from  them,  and  the  Society  could  not 
afford  to  lose  the  extra  amount  that  resident  members  annually  pay. 
The  interest  on  $250  is  not  enough  to  j)ay  the  annual  dues  of  resident 
members.  They  now  pay  $10  a  year  more  than  non-resident  members 
do,  and  for  a  few  years,  at  any  rate,  until  the  income  of  the  Society 
becomes  larger  by  accessions,  we  could  not  afford  to  lose  that  amount  ; 
therefore  it  is  proposed  that  for  five  years  resident  members  should  pay 
$10  more  each  year.  That  is,  it  actually  made  resident  members  j^ay 
$300.  They  could  pay  it  in  a  sum  of  $300  or  in  annual  installments  of 
$10  each.  At  the  end  of  the  five  years  it  was  hoped  the  Society  would 
be  able  to  continue  the  sum  alike  for  resident  and  non-resident 
members. 

Mr.  Shinn. — I  would  like  to  ask  the  Secretary  whether  he  has  taken 
any  advice,  or  considered  the  condition  that  would  arise  in  case  any 
resident  member  paid  $250,  and  then  became  in  arrears  for  his  annual 
payment  of  $10  a  year  for  five  years  ?     That  is  the  point. 

The  Secretary. — Yes  ;  we  talked  about  that. 

Mr.  J,  P.  Davis. — He  would  not  be  entitled  to  vote  :  that  is  all. 
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Mr.  Shinn. — Would  he  cease  to  be  a  member  under  Article  27  of  the 
Constitution  ? 

Mr.  J.  P.  Davis.— I  should  say  he  would. 

Mr .  Shinn  .  — What  would  become  of  the  $250  that  he  paid  for  a  life 
membership  ?  I  only  raise  the  question  to  ask  whether  it  had  been  con- 
sidered, and  what  view  was  taken  of  it.  It  did  not  occur  to  me  until 
this  discussion  began. 

The  Secretary. — Well,  he  was  to  be  liable  to  the  annual  payment  of 
$10  for  five  years — no,  I  don't  know  what  would  happen.    I  don't  know. 

Mr.  Shinn. — Article  27  says  :  "Any  person  admitted  to  the  Society 
*'  who  shall  refuse  to  pay  any  assessment  or  other  dues  to  the  Society  " — 
of  course,  that  term  would  apply  to  this  $10  for  five  years — "or  who 
"  shall  neglect  the  same  for  the  term  of  six  months,  after  due  notice  is 
"  issued,  shall  cease  to  be  a  member."  Now,  this  proposed  amend- 
ment provides  for  cases  in  which  the  members  withdraw  from  mem- 
bership. It  also  provides  for  cases  in  which  parties  are  expelled 
from  membership .  But  it  makes  no  provision  for  cases  where  parties 
cease  to  be  members  by  non-payment  of  the  annual  dues  of  $10  for  five 
years. 

Mr.  J.  P.  Davis.  — If  a  party  who  has  subscribed  to  the  Constitution 
agrees  to  these  conditions,  he  signs  a  contract.  As  far  as  I  see,  if  he  does 
not  pay  his  dues  he  ceases  to  be  a  member. 

Mr.  LocKWOOD. — It  seems  to  me  that  these  two  cases  are  parallel. 
You  have  to  take  action  in  case  of  expulsion.  You  have  to  take  action  in 
case  of  a  member  who  fails  to  pay  dues.  Could  not  the  one  claim  this 
compounding  money  as  well  as  the  other  ? 

The  Chair. — It  is  not  intended  so. 

Mr.  LocKWOOD. — It  seems  to  me  that  the  cases  are  so  clearly  alike 
that  one  could  do  it  as  well  as  the  other.  I  claim,  however,  that  if  I 
eompound  my  dues  and  sign  a  contract  to  abide  by  the  rules  and  regula- 
tions of  the  Society,  and  transgress  them,  so  that  I  will  have  to  be 
brought  up  before  the  Direction  of  the  Society  and  be  expelled,  that  I 
would  have  no  legal  claim  for  this  money  unless  this  clause  is  left  as  it 
is.  I  should  be  in  favor  of  striking  that  out  entirely.  If  my  course  of 
action  and  conduct  was  such  as  to  require  my  expulsion,  I  ought  to  for- 
feit all  claim  to  any  moneys  I  paid  in. 

Mr.  J.  P.  Davis. — I  think  there  is  a  great  difference  in  the  two  cases. 
In  one  case  it  is  a  voluntary  action  on  the  part  of  the  member.  He  has 
agreed  that  if  he  does  not  pay  his  fees  he  will  cease  to  be  a  member  ;  and 
he  does  not  pay  his  fees.  That  is  voluntary  on  his  part.  We  assume, 
as  a  matter  of  fact,  that  the  Board  of  Direction  will  see  that  the  name 
will  be  dropped  from  the  list.  In  the  other  case  we  have  a  trial ;  he 
does  something  the  Constitution  provides  for  his  not  doing.  He  has  been 
guilty  of  insulting  talk,  or  something  of  that  kind,  we  don't  know  what 
it  may  be.     I  think  there  is  a  vast  difference  between  the  two  cases. 
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General  G.  S.  Geeene.  —  I  don't  see  any  good  reason  for  returning  this 
^250.  I  do  not  believe  we  are  under  any  obligation  to  do  it  ;  if  a  man 
signs  an  agreement  to  that  effect,  and  if  lie  is  expelled,  notwithstanding 
the  lawyer's  opinion,  I  do  not  believe  we  are  under  any  obligation  to  do 
it.  I  don't  believe  he  can  have  any  claim  against  us  after  signing  that 
agreement. 

Mr.  Croes.  —Would  it  not  be  better,  instead  of  separating  w^ith- 
drawal  and  expulsion,  to  make  it,  "  In  case  of  their  ceasing  to  be  mem- 
bers from  any  cause  whatever,  the  amount  paid  would  be  the  property 
of  the  Society." 

Mr.  Shinn. — It  would  be  absolutely  better.  It  is  a  well  established 
legal  principle  that  when  you  begin  to  specify  you  exclude  everything 
not  specified.  If  you  do  not  do  this  you  will  have  it  in  such  a  shape 
that  everybody  who  does  not  voluntarily  withdraw  could  take  the  money 
back. 

Mr,  Croes. — I  shall  move  an  amendment  to  the  last  clause.  Perhaps 
the  proposers  of  the  original  amendment  may  agree  to  that  and  let  that 
go  to  ballot  as  amended.  I  offer  this  amendment,  then,  that  the  last 
paragraph  of  the  proposed  amendment  to  Article  22  shall  be  amended  to 
read  thus  : 

*'  Members  compounding  shall  sign  an  agreement  that  they  will  be 
;governed  by  the  Constitution  and  By-laws  of  the  Society  as  they  are  now 
formed,  or  as  they  may  be  hereafter  altered,  amended,  or  enlarged  ;  that 
in  case  of  their  ceasing  to  be  members  from  any  cause  whatever,  the 
amount  theretofore  paid  by  them  for  compounding  and  for  entrance  fees, 
and  for  annual  dues,  shall  be  the  j)roperty  of  the  Society." 

Mr.  Shinn. — I  second  that. 

The  Chair.  —  The  question  is  open  for  discussion. 

General  G.  S.  Greene. — Is  there  any  objection  to  that  in  connection 
with  the  other  articles  ? 

The  Secretary. — Not  that  I  see,  sir. 

Mr.  Shinn.  — I  have  no  doubt  whatever  of  the  legal  effect  of  an  agree- 
ment of  that  kind.  In  the  case  that  ]:ias  been  referred  to,  of  the  club, 
which  is  now  pending  in  the  courts,  as  I  understand  it,  there  was  no 
agreement  in  regard  to  life  membership.  Life  membership,  of  course, 
stated  as  a  naked  proposition,  means  life  membership.  It  does  not 
mean  a  membership  at  the  pleasure  of  some  committee  of  the  Society. 
And  that  presents  a  very  different  question  from  what  would  be  pre- 
sented in  case  this  amendment  to  the  Constitution  were  adopted  as  now 
proposed,  under  which  the  party  paying  in  this  $250  should  sign  an  agree- 
ment to  be  bound  by  its  conditions,  I  do  not  see  anything  in  these 
conditions  at  all  contrary  to  i3ublic  policy,  and  any  person  is  entirely 
competent  to  make  any  contract  he  pleases  that  is  not  contrary  to  public 
l^olicy.     Therefore  I  see  no  difficulty  in  that  being  made  operative. 

Mr.  Croes.— The  proper  motion  would  be,  in  that  case,  that   this 
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meeting  recommends  the  adoption  of  the  proposed  amendment  to  Article 
22,  with  the  last  clause  amended  as  stated. 

Mr.  Shinn. — I  suggest,  Mr.  President,  that  it  is  hardly  time  to  come 
to  that  yet.  We  are  now  discussing  the  question  of  an  amendment  to 
the  proposed  amendment.  We  may  adopt  this  and  any  other  amend- 
ment after  this  is  adopted.  After  all  the  amendments  that  are  proposed 
to  this  original  amendment  have  been  considered  and  passed  upon,  then 
the  question  of  the  adoption  of  the  amended  amendment  as  a  whole 
would  be  in  order. 

The  Chaik. — I  will  state  that  all  this  meeting  can  do  is  simply  to  ap- 
prove an  amendment.  It  will  go  to  vote  hereafter,  and  practically  the 
whole  action  here  is  simply  an  approval,  not  a  final  adoption  at  all,  but 
an  approval  to  be  sent  out  for  ballot. 

The  Secketaey. — It  has  been  generally  customary  to  recommend 
amendments. 

The  Chair. — Yes,  and  I  understand  recommendation  to  be  equivalent 
to  approval. 

General  G.  S.  Greene.— The  question  is  now  on  the  adoption  of  that 
amendment  ? 

The  Chair. — Yes,  sir.     That  has  been  moved  and  seconded. 

The  proposed  amendment  was  then  adopted. 

Mr.  Shinn. — T  have  another  amendment  to  suggest.  AVhile  it  will 
be  claimed  that  this  fund  to  which  the  money  received  for  compounding 
dues  goes,  is  the  general  fund  of  the  Society,  there  is  practically  no  dif- 
ference between  the  general  fund  and  the  Building  Fund.  There  have 
been  numerous  contributions  made  by  members  to  the  Building  Fund, 
and  the  amendment  that  I  proj^ose  to  offer  relates  to  that.  Add  after 
the  amendment,  as  it  now  reads: 

"  Any  member  who  shall  have  heretofore  paid  3^250  or  more  into  the 
Building  Fund  of  the  Society  shall,  at  his  request  in  waiting,  be  credited 
with  the  same  as  in  compounding  of  his  annual  dues;  and  any  member 
who  shall  have  heretofore  paid  into  said  fund  a  less  sum  than  §250  shall 
be  allowed  to  compound  his  dues  as  provided  in  this  section  by  paying 
the  difference  between  the  sum  heretofore  paid  and  sp250." 

The  object  in  offering  the  amendment  is  to  put  those  members  who 
have  voluntarily  come  forward  and  contributed  to  the  Building  Fund  in 
as  favorable  a  position  as  those  members  who  have  not  come  forward  in 
that  way.  It  does  not  necessarily  follow  that  they  will  all  take  advantage 
of  it;  but  they  all  may.  The  Secretary  has  made  up  a  statement  show- 
ing about  the  amount  of  money  that  would  be  involved  in  its  adoption. 
He  gives  to  me  these  figures  :  That  six  members  have  paid  3250  or 
over;  that  would  amount  to  $1  500.  That  would  come  out  of  the  general 
fund;  that  is,  the  general  fund  would  be  lessened  to  that  extent — in  case 
they  all  accepted  this  provision.  Fifty-five  have  paid  §100,  making 
§5  500.     Seven  have  paid  between  §100  and  §250,  say  §150  each,  making 
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$1  050.  And  twenty-three  have  paid  less  than  $100,  which,  assuming  the 
average  to  be  $50,  gives  $1 150.  Making,  in  all,  about  ^9  000  which  would 
be  involved,  on  which  the  annual  interest,  at  five  per  cent.,  which  is 
the  basis  of  the  Secretary's  calculation  in  this  matter,  would  be  .^450. 

It  seems  to  me  it  would  be  nothing  but  justice  to  those  members 
who  have  come  forward  and  contributed  to  the  Building  Fund  to  give 
them  the  advantage,  if  they  desire  to  take  it,  of  this  amendment  to  the 
Constitution.  It  is  well  known  to  the  most  of  the  members  that  this 
particular  action  on  the  part  of  the  Board  of  Direction  in  submitting 
this  amendment  arose  very  largely  out  of  what  was  said  at  the  last 
annual  meeting  about  contributions  to  the  Building  Fund;  and  it  was  an 
effort  to  produce  a  fund  of  sufficient  amount  to  enable  the  mortgage  to 
be  canceled  on  the  building  whenever  it  was  desirable  to  do  so  in  the 
opinion  of  the  Board  of  Direction.  So  that  I  offer  that  amendment  for 
consideration. 

Mr.  J.  P.  Davis. — The  proposed  amendment  says  "any  member  who 
has  paid  $250  for  the  Building  Fund."  Suppose  he  is  a  resident  mem- 
ber; he  has  to  pay  $300. 

Mr.  Shinn.  — If  he  has  paid  i$250,  that  simply  puts  him  in  the  position 
of  anybody  else  now  paying  $250. 

The  Secretary. — It  says  "shall  at  his  request  in  writing  be  credited 
with  the  same  as  in  compounding  of  his  annual  dues." 

Mr.  Croes. — Some  members  have  kindly  presented  the  Society  with 
$150  for  the  Fellowship  Fund,  Why  should  not  they  be  credited  in  the 
same  way  as  subscribers  to  the  Building  Fund  ?  I  do  not  think  that  the 
members  who  have  contributed  to  the  Building  Fund  ever  did  it  with 
any  idea  of  ultimate  advantage  in  that  way,  and  I  do  not  believe  that 
they  desire  it;  and  I  do  not  think  it  is  very  complimentary  to  them  to 
suppose  that  they  would  desire  it. 

Mr.  Shinn.  —They  do  not  need  to  take  advantage  of  it  if  they  do  not 
desire  it. 

Mr.  J.  P.  Davis. — I  wish  to  say  further  that  we  cannot  afford  it. 
That  is  the  chief  objection  to  it. 

Mr.  Croes. — That  is  a  good  objection,  too. 

The  Chair. — The  question  is  now  properly  before  the  Society  upon 
this  amendment  as  proposed.  I  would  simply  state  that  the  sum  men- 
tioned, $250,  was  the  lowest  that  the  Board  of  Direction  could,  in  their 
view,  place  that  proposed  sum  to  be  applied  to  the  general  fund.  I 
merely  state  that  for  information. 

The  amendment  was  then,  upon  vote,  not  adopted. 

The  Chair. — Further  discussion  of  the  proposed  amendment  is  ia 
order.     Are  there  any  further  amendments  to  the  proposed  amendment  ? 

General  G.  S.  Greene. — I  move  that  it  be  recommended  for  adoption 
to  the  Society  by  the  annual  meeting. 

Mr.  Shinn. — I  second  that. 
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The  Chair. — It  is  moved  and  seconded  that  the  amendment,  as 
amended,  be  recommended  by  the  annual  meeting  for  adoption  by  the 
Society. 

The  motion  was  carried. 

The  Chair. — The  next  proposed  amendment  to  the  Constitution  is 
in  order  for  discussion  or  amendment. 

Proposed  amendment  to  Article  XXXIII. 

Amend  Article  XXXIII.  so  that  it  will  read  as  follows : 

Proposed  amendments  to  this  Constitution  must  be  submitted  in  writing,  signed  by  not 
less  than  five  members,  on  or  before  the  first  Wednesday  in  November,  and  shaU  be  sent  by 
letter  to  the  members  of  the  Society  at  least  twenty-five  days  previous  to  the  annual  meeting. 

Such  amendments  shall  be  in  order  for  discussion  at  such  annual  meeting,  and  may  be 
amended  in  any  manner  pertinent  to  the  original  amendments  by  a  majority  vote  of  the 
annual  meeting;  and  if  so  amended,  shall  be  voted  upon  by  letter-ballot  in  form  as  amended 
by  the  annual  meeting;  if  not  so  amended,  they  shall  be  voted  upon  by  letter-ballot  as  sub- 
mitted; the  vote  to  be  counted  at  the  first  regular  meeting  in  March. 

An  affirmative  vote  of  two-thirds  of  all  ballots  cast  shall  be  necessary  to  the  adoption  of 
any  amendment. 

Mr.  Croes.— Article  XXXIII.  of  the  Constitution,  as  it  now  stands, 
reads: 

Article  XXXIII. — Proposed  amendments  to  this  Constitution  must  be  submitted  in 
writing,  signed  by  not  less  than  five  members,  on  or  before  the  first  Wednesday  in  November, 
and  then  sent  by  letter  to  the  several  members  of  the  Society  at  least  twenty-five  days  previous 
to  the  annual  meeting.  Such  amendments  shall  be  in  order  for  discussion  and  amendment  at 
such  annual  meeting,  and,  with  such  amendments  thereto  as  may  have  been  approved  by  a 
majority  vote  of  the  annual  meeting,  shall  be  voled  upon  by  letter-ballot,  the  vote  to  be 
counted  at  the  first  regular  meeting  in  March.  An  affirmative  vote  of  two-thirds  of  all  ballots 
cast  shall  be  necessary  to  secure  the  adoption  of  any  amendment. 

It  was  the  object  of  the  writer  of  this  present  provision  in  the 
Constitution,  that  its  effect  should  be  as  is  now  proposed  in  the 
amendment.  But  the  article  is  so  worded  that  it  was  decided  to  be 
necessary  to  send  out  not  only  an  amendment,  as  submitted  to  the  annual 
meeting,  but  also  such  amendments  to  it  as  were  approved  by  the  an- 
nual meeting. 

This  proposed  amendment  obviates  that  difficulty,  and  sends  out 
only  one  form,  namely,  the  form  which  is  approved,  after  discussion,  at 
the  annual  meeting. 

General  G.  S.  Greene. — I  don't  think  the  other  meant  anything  dif- 
ferent. 

Mr.  Croes. — That  has  been  the  ruling  and  the  custom,  so  that  this 
amendment  is  merely  to  return  to  what  was  intended  by  the  member 
who  drew  up  the  present  article. 

General  G.  S.  Greene. — I  move  that  that  be  recommended  to  the 
Society  for  adoption. 

Mr.  Shinn. — I  second  the  motion. 

The  Chair.— The  question  is  on  the  recommendation  of  this  proposed 
amendment  for  adoption  by  the  Society. 
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The  proposed  amendment  of  Article  XXXIII.  was  then,  by  vote, 
recommended  for  adoption. 

The  Chaik.— The  next  proposed  amendment  to  the  Constitution  is  in 
order  for  discussion  or  amendment.     It  is  a  proposed  new  article. 

Proposed  amendment: 
A  new  article. 

Whenever  twenty  or  more  members  shall  signify  their  desire  to  form  a  Section  of  this 
Society  for  the  advancement  of  a  special  branch  of  Engineering,  the  Board  of  Direction  shall 
consider  such  application,  and  submit  it  with  an  expression  of  opinion  to  the  Society  for 
a  letter-ballot.  The  application  shall  be  granted  if  two-thirds  of  the  votes  be  in  the  affirm- 
ative . 

Sections  authorized  as  above  shall  have  the  privilege  of  separate  meetings  for  reading  of 
papers  and  discussions  at  times  and  places  determined  by  themselves,  but  may  not  assume  to 
transact  business  in  the  name  of  the  Society. 

The  transactions  of  such  sections  shall  be  published  by  the  Society  under  the  usual 
regulations;  but  no  expense  other  than  for  such  publication  shall  be  borne  by  the  Society. 

General  G.  S.  Geeene.— It  will  be  seen  by  this  clause  that  the  Board 
of  Direction  are  required  to  publish  any  papers  which  may  be  read  by 
these  small  sections  of  not  less  than  twenty  men.  It  would  be  really 
throwing  into  the  hands  of  a  few  members  the  right  to  put  into  the  pro- 
ceedings anything  they  chose. 

Mr.  Ceoes. — It  says,   "  under  the  usual  regulations. " 

General  G.  S.  Geeene. — Does  that  include  submitting  them  to  the 
Committee  on  Publication  ? 

Mr.  Cedes. — Yes,  sir.  The  usual  regulations  are  as  prescribed  by 
Section  16  of  the  By-Laws,  as  follows  : 

Section  16. — When  a  paper  is  presented  to  the  Society,  the  Secretary  shall  at  once  examine 
it,  and  report  thereon  to  the  Committee  on  Library,  with  reference  to  this  standard  :  Papers 
containing  old  matter,  readily  found  elsewhere,  those  specially  meant  to  advocate  personal 
interests,  those  carelessly  prepared  or  controverting  established  facts,  and  those  purely  specu- 
lative or  foreign  to  the  purposes  of  the  Society,  should  be  rejected.  The  Committee 
shall  then  determine  whether  such  paper  may  go  before  the  Society.  They  can  return  it  to 
the  writer  for  correction  and  emendation,  and  call  to  their  aid  cue  or  more  members  of  special 
experience  relating  to  the  subject  treated,  either  to  advise  on  the  paper  or  to  discuss  it.  Such 
papers  as  in  the  judgment  of  the  Committee  should  go  before  the  Society  shall  promptly, 
upon  their  acceptance,  be  printed  ;  others  shall  be  recorded  in  books  provided  for  the 
purpose.  When,  however,  the  Library  Committee  does  not  feel  authorized  to  publish  a  paper, 
they  may  provide  an  abstract  thereof,  which,  when  approved  by  the  author,  may  be  published 
instead  of  the  original  paper. 

I  do  not  see  that  this  formation  of  Sections  in  this  very  indefinite 
form  is  going  to  advance  the  purposes  of  the  Society  in  any  way.  If 
there  is  anybody  that  can  say  anything  in  favor  of  it,  I  would  like  to 
hear  it. 

Mr.  Haight. — Some  addition  is  needed  to  the  amendment,  I  think. 
It  seems  very  desirable  that  no  course  shall  be  pursued  that  will  have  a 
tendency  to  weaken  this  Society,  or  to  detract  from  the  interest  felt  in 
its  meetings  by  members .     It  is  inevitable  that  if  Sections  are  formed  in 
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the  manner  proposed,  and  they  appoint  meetings  at  the  same  time  as  the 
Annual  Meetings  or  Conventions  of  this  Society,  it  will  have  the  effect 
of  weakening  the  Society.     Yet  it  might  be  done  according  to  the  word- 
ing of  the  amendment.     It  seems  to  me,  also,  that  all  papers  for  a  Sec- 
tion need  to  be  submitted  to  the  Board  of  Direction   as  much  as  papers 
for  a  meeting.     With  regard  to  the  times  of  meetings,  the  annual  meet- 
ing of  the  County  Surveyors'  Association,  of  Indiana,  was  appointed  to 
begin  yesterday,  and  the  annual  meeting  of  the  Ohio  Institute  of  Min- 
ing Engineers  will  be  held  this  evening.     Members  of  either,  who  are 
also  members  of  this  Society,  will  be  less  likely  to   attend  this  meeting 
than  they  would  be  if  the  meetings  of  these  bodies  were  at  other  times. 
It  also  appears  detrimental  to  the  interests  of  the  Society  for  Sections  to 
be  established  within  resident  limits,  as  no  need  for  them  within  those 
limits  seems  evident.     Any  matters  that  would  come  before  them  can  be 
with   equal   propriety   introduced   at   the   Society  meetings,  and   be  of 
interest  to  all.     Beyond  the  resident  limits.  Sections  formed  for  "the 
advancement   of    engineering"     can    introduce    and    discuss    subjects 
relating    to   any  of    its   branches,    and   thereby   give    to    non-resident 
members  of  this  Society  advantages  that  are  now  possessed  by  residents 
only.     By  permitting  all  members  of  the  Society  to  participate  in  the 
discussions   of  the   subjects   brought   before   any  Section,  the  Society 
would  seem  to  be  strengthened  rather  than  weakened  by  the  formation 
of  such  Sections.     The  submission  of  all  papers  to  the  Board  of  Direc- 
tion, and  the  reception  of  its  approval  before  publication,  will  be  as  nec- 
essary for  the  meetings  of  Sections  as  for  those  of  the  Society.     By  pub- 
lishing the  papers  in  the  Transactions,  and  transmitting  them  to  all  the 
members,  with  an  announcement  of  the  times  and  places  of  presentation, 
not  less  than  twenty-five  days  before  the  time  so  announced  for  the  papers 
to  be  read,  a  much  more  full  discussion  would  seem  probable  than  by 
the  present  plan,  and  the  benefits  of  membership  would  probably  be  in- 
creased, and  be  more  widely  diffused.     Non-resident  members,  and  those 
unable  to  hear  the  reading  of  papers,  will  in  this  way  be  enabled  to  par- 
ticipate in  the  discussion,  and  the  Society  will  inevitably  be  strengthened 
by  the  increased  interest  that  will  result  in  its  transactions.     Therefore, 
I  submit  this  proposed  amendment. 

Mr.  Croes  (acting  temporarily  as  Secretary). — Mr.  Haight  hands  me 
this  amendment.  Proposed  amendment  by  Mr.  Stephen  S.  Haight  :  By 
adding  to  the  proposed  article  of  the  Constitution,  "  No  Section  formed  in 
accordance  with  this  article  shall  have  its  place  of  meeting  within  50  miles 
of  the  Post  Office  of  the  City  of  New  York,  nor  shall  any  meeting  of  a 
Section  be  held  at  the  same  time  as  the  Annual  Meeting  or  Convention 
of  this  Society.  All  papers  for  the  Society,  or  for  a  Section  thereof 
formed  in  accordance  with  this  article,  shall  be  submitted  to  the  Board 
of  Direction,  and  if  accepted  shall,  unless  otherwise  requested  by  the 
author,  be  published  with  the  Transactions  of  the  Society,  and  with  an 
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announcement  of  the  times  and  places  of  their  presentation,  to  be  trans- 
mitted to  each  member  not  less  than  25  days  before  the  times  so 
announced.  At  the  time  so  announced  for  the  presentation  of  the 
papers,  they  shall  be  read  by  title  only,  unless  otherwise  desired  by  the 
writer,  or  ordered  by  a  majority  of  the  members  present,  and  all 
members  of  the  Society  shall  have  a  right  to  present  written  or  verbal 
discussions  of  such  papers  at  the  places  so  announced  for  their 
presentation." 

Also  by  erasing  therefrom  the  words  "  of  a  special  branch." 

Mr.  Haight. — Yes,  sir;  I  submit  that. 

The  amendment  was  seconded  by  Mr.  Van  Winkle. 

Mr.  Croes. — The  last  clause  of  this  is  in  conflict  with  the  other  pro- 
visions of  the  Constitution  and  By-Laws.  It  is  unnecessary,  for  all  that 
matter  is  provided  for  in  the  Constitution  and  By-Laws  now  It  is  not 
germane  to  this  question,  or  to  this  part  of  the  Constitution.  I  would 
suggest  that  Mr.  Haight  withdraw  that  last  part  of  it,  while  the  first  part 
would  come  in  properly.  The  latter  part  of  this  proposition  conflicts 
with  other  parts  of  the  Constitution  and  By-laws-  The  first  part  of  it 
is,  that  no  Section  shall  be  formed  within  fifty  miles  of  New  York. 

General  G.  S.  Greene. — I  still  think  that  it  is  objectionable  to  have 
these  proceedings  (which  are  mentioned  in  this  original  amendment) 
published.  It  says  here,  "The  transactions  of  such  Sections  shall  be 
published  by  the  Society  "—the  discussions  of  these  separate  Sections, 
which  would  increase  our  publication  very  much,  and  probably  not 
very  advantageously.  There  is  no  discretion  in  the  Committee,  as  to 
publishing  them,  in  our  regulations  ;  they  are  published  on  certificate 
of  the  Secretary  of  the  Society. 

Mr.  Croes. — Papers  for  Transactions  go  before  the  Library  Com- 
mittee. 

General  G.  S.  Greene. — It  would  require  the  Society  to  publish 
the  transactions  of  these  Sections. 

Mr.  Croes. — The  objection  that  seems  to  me  to  be  a  strong  one  to 
this,  is  the  manner  in  which  the  Sections  are  to  be  formed.  Now,  the 
object  of  this  one  was  to  form  an  association  of  river  and  harbor  engi- 
neers ;  it  was  proposed  by  a  number  of  gentlemen  engaged  on  the  Mis- 
sissippi River,  and  this  section  was  drawn  up  by  Mr.  McMath.  And 
they  have  drawn  up  a  constitution  for  a  Society  of  River  and  Harbor 
Engineers,  but  proposed,  before  forming  that  Society  actually,  to  sub- 
mit this  section  to  the  Society,  so  that,  as  some  of  them  were  members  of 
this  Society — not  all — they  could  work  under  the  charter  of  the  Ameri- 
can Society  of  Civil  Engineers,  which  would  be  the  best  way  ;  and  they 
would  not  form  a  separate  society,  and  the  American  Society  of  Civil 
Engineers  would  publish  their  papers.  Now,  the  river  and  harbor  engi- 
neers are  scattered  pretty  well  over  this  country. 

On  motion,  a  recess  for  lunch  was  taken  to  half-past  two. 
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The  session  of  the  Annual  Meeting  was  resumed  at  2:30  p.m.  ;  Vice- 
President  William  H.  Paine  in  the  chair  ;  John  Bogart,  Secretary. 

The  Secretary  announced  the  programme  of  the  excursions  of  the 
Society  for  the  next  day  and  for  the  reception  in  the  evening. 

The  Report  of  the  Committee  on  the  Preservation  of  Timber  was  then 
presented. 


REPORT   OF  THE  COMMITTEE  ON  THE  PRESERVATION   OF 

TIMBER. 

To  the  American  Society  of  Civil  Engineers  : 

The  Committee  on  the  "Preservation  of  Timber"  has  collected  a 
large  mass  of  information. 

This  is  so  voluminous  that  the  Committee  has  not  yet  had  time  to 
analyze  it  carefully  and  to  write  a  report.  It  will  do  so  as  soon  as  the 
press  of  other  engagements  permits,  and  meanwhile  asks  the  indulgence 
of  the  Society. 

Respectfully  submitted, 

O.  Chanute,  Chairman. 

B.  M.  Haerod, 

G.  BOUSCAEEN, 

E.  R  Andeews, 

E.  W.  BowDiTCH,  \  Committee. 

G.  H.  Mendell,     I 

C.  Shalee  Smith,  | 
J.  W.  Putnam,       J 

On  motion,  the  report  was  accepted,  and  the  Committee  continued. 

The  Secretary  announced  that  Mr.  F.  W.  Gilbert,  C.  E.  of  the  North- 
ern Pacific  Railroad,  was  present,  and  desired,  through  the  Secretary,  to 
repeat  the  invitation  that  the  next  Convention  should  be  held  at  Min- 
neapolis or  St.  Paul.  He  presented  for  inspection  of  members  a  num- 
ber of  photographic  views  of  scenery  on  the  Northern  Pacific  Railroad. 

The  Chaie. — We  will  now  resume  the  discussion  on  the  proposed 
amendment  to  the  Constitution.  The  Secretary  will  please  read  it  as 
proposed. 

The  proposed  amendment  was  read,  and  also  the  amendment  as 
offered  by  Mr.  Haight  (printed  above). 

Mr.  CoLLiNGWOOD. — If  any  gentleman  is  present  who  can  do  so,  will 
he  be  kind  enough  to  exjilain  the  object  of  the  original  amendment? 
That  has  not  yet  been  brought  to  the  knowledge  of  the  meeting. 

Mr.  Ceoes. — The  Secretary  is  not  here,  I  believe,  at  this  moment. 
This  amendment  was  accompanied  by  a  letter  from  Mr.  Robert  E.  Mc- 
Math,  Member  of  the  Society,  of  St.  Louis,  who  stated  that  it  had  been 
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intended  to  form  a  Society  of  River  and  Harbor  Engineers.  A  constitu- 
tion and  by-laws  had  been  drawn  up,  and  many  members  had  been 
secured,  but  as  a  great  many  of  them  are  members  of  our  Society,  they 
desired  to  act  in  concert,  not  in  opposition  to  the  American  Society  of 
Civil  Engineers  ;  to  establish  this  branch  society,  as  it  were,  of  the 
American  Society  of  Civil  Engineers,  devoted  to  the  discussion  of  the 
questions  which  especially  interested  these  gentlemen,  namely,  river 
and  harbor  engineering  ;  and,  in  order  to  accomplish  that  object,  they 
desired  the  passage  of  a  general  law  covering  not  only  their  case,  but  the 
case  of  any  twenty  or  more  gentlemen  connected  with  the  Society  who 
desired  to  have  an  opportunity  to  discuss  their  own  special  branch  of 
engineering  at  any  time  that  they  saw  fit. 

The  Secretary. — I  have  here  from  Mr.  Robert  E.  McMatli  a  discus- 
sion of  this  proposed  amendment,  which  he  asks  me  to  submit  on  account 
of  the  inability  of  himself  or  others  of  the  proposers  to  be  present. 

Mr.  R.  E.  MgMath  (through  the  Secretary). — A  statement  of  the 
origin  of  this  amendment  will,  I  think,  furnish  a  strong  argument  for 
its  adoption. 

A  number  of  engineers  who  were  interested  in  a  particular  line  of 
work  and  its  related  topics,  proposed  to  form  a  special  society.  In  can- 
vassing the  subject,  it  appeared  that  some,  who  were  members  of  the 
American  Society,  proposed,  if  the  suggested  organization  was  formed, 
to  terminate  that  membership.  Others,  not  now  members,  seemed  to 
think  that  all  the  real  advantages  of  association  would  be  realized  in  the 
special  society.  Thus  it  appeared  that  to  form  an  independent  organi- 
zation would  to  some  extent  be  contrary  to  the  interests  of  the  general 
society.  Several  of  the  promoters  of  the  movement  thought  it  well  to 
avoid  this  danger,  believing  it  practicable  to  efifect  all  the  ends  desired 
by  the  proposed  organization  under  the  Constitution  of  the  American 
Society,  if  the  latter  was  so  amended  as  to  allow  those  specially  inter- 
ested in  any  branch  of  the  profession  to  form  sections  or  subdivisions. 
It  also  seemed  probable  that  the  desire  for  special  facilities  which  actu- 
ated us  Avould  sooner  or  later  lead  others  to  similar  action.  We  think  it 
would  be  better  to  forego  the  presumed  advantages  of  special  organiza- 
tion rather  than  begin  a  process  of  disintegration,  and  we  propose  this 
new  article  as  inaugurating  a  policy  which  will  draw  men  into,  and  not 
from,  the  general  society. 

More  general  reasons  may  be  added  to  the  foregoing  : 

1.  Recognition  of  sections  would  increase  the  interest  of  members 
and  incite  them  to  activity  by  bringing  into  closer  contact  those  who 
have  similar  experience  and  studies.     Attrition  produces  heat. 

2.  Papers  presented  through  the  medium  of  sections  would  probably 
be  prepared  with  increased  care,  and  discussions  would  doubtless  be 
fuller  than  now.  Ac  a  result,  the  value  of  the  Transactions  would  be 
increased. 
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3.  At  Conventions,  meeting  by  sections  would  enable  more  papers  to 
be  read  and  discussed,  also  would,  by  variety  of  programme,  enable  those 
in  attendance  to  choose  what  they  will  hear.  As  a  result,  more  will 
attend,  for  they  will  see  prospect  of  gain  in  professional  knowledge,  each 
in  his  own  line,  and  at  the  same  time  to  enjoy  the  social  features  and 
visits  to  works  and  wonders,  which  properly  form  a  large  part  of  Conven- 
tion programmes. 

4.  To  these  gains  we  may  add  that  activity  in  the  several  lines  will 
be  an  attraction  that  will  draw  the  whole  body  of  the  profession  to  seek 
membership  in  some  class,  for  they  will  find  that  they  cannot  afford  to 
stay  out ;  consequently,  growth  of  the  Society  in  numbers  and  in- 
fluence. 

Mr.  Haight. — I  think  that  all  of  the  advantages  enumerated  in  these 
articles  would  be  as  well  derived  from  the  formation  of  sections  accord- 
ing to  the  amendments  that  I  have  proposed,  by  striking  out  the  words 
"  of  a  special  branch,"  letting  any  paper  upon  any  branch  of  engineering- 
come  properly  before  such  section.  It  would  seem  to  be  more  consistent 
with  the  character  of  our  Society  to  have  it  so  that  any  members  of  the 
Society  who  are  residents  of  the  place  of  meeting  of  one  of  those  sec- 
tions, should  properly  be  members  of  that  section,  and  should  be  able  to 
present  any  papers  uj^on  engineering  subjects  to  that  section,  with  all 
the  advantages  we  should  derive  in  that  way,  and  without  serious  disad- 
vantage. That  might  be  advocated  by  those  favori4ig  the  formation  of 
such  a  section. 

Mr.  Ckoes. — I  think  there  are  a  great  many  places  in  the  United 
States  where  it  would  not  be  possible  to  form  a  section  under  the  provi- 
sions of  the  amendment  offered  by  Mr.  McMath,  but  where  it  would  be 
possible  to  form  a  separate  society,  which  was  open  to  the  discussion  of 
any  subject.  For  that  reason,  if  the  proposed  amendment  of  Mr. 
McMath  is  approved  by  this  meeting,  it  would  seem  to  me  to  be  well  to 
amend  it  by  leaving  out  the  special  provision,  as  Mr.  Haight  recom- 
mended. I  am  not  entirely  clear  as  to  the  advisability  of  the  sectional 
arrangement,  at  any  rate. 

Mr.  Shinn. — The  amendment,  as  then  amended,  would  not  prevent  a 
section  being  formed  relating  only  to  a  special  branch.  It  would  admit 
of  that,  or  of  a  section  covering  all  branches.  I  would  like  to  ask  tbe 
question,  however,  Avhether  it  is  the  design  of  the  amendment  to  provide 
that  only  members  of  the  American  Society  of  Civil  Engineers  can  be- 
come members  of  such  section?  The  amendment,  as  drawn,  seems  to  me  to 
be  a  little  doubtful  on  that  point.  It  says  that  twenty  or  more  members 
may  form  a  section,  but  it  is  only  by  a  remote  implication  that  it  conveys 
the  idea  that  they  may  not  afterwards  take  in  members  who  were  not 
members  of  the  American  Society  of  Civil  Engineers  ;  and  that  should 
either  be  provided  for  explicitly,  or  else  it  should  be  stated  that  the  con- 
stitution should  be  subject  to  the  approval  of  this  Society.     But  I  think 
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it  would  be  better  to  state  it  explicitly —to  be  composed  exclusively  of 
members  of  the  American  Society  of  Civil  Engineers. 

That  question,  it  maybe  remembered  by  a  good  many  of  the  mem- 
bers, was  very  thoroughly  discussed  at  the  Louisville  Convention,  in 
1873,  under  a  resolution  that  had  previously  been  offered,  and  the  com- 
mittee formed  to  consider  it  reported  at  that  Convention  on  the  sub- 
ject of  the  formation  of  what  were  then  called  "chapters."  That 
difficulty  arose  as  to  allowing  these  local  societies  to  take  in  members 
who  were  not  first  made  members  of  the  American  Society.  It  seems  to 
me  that,  while  this  amendment  is  silent  on  that  point,  if  it  is  approved 
at  all,  it  ought  to  be  approved  in  such  form  as  would  not  leave  that  open 
to  doubt. 

Mr.  North. — I  would  like  to  ask  the  Chair  if  there  is  anything  in  the 
Constitution  now  that  prevents  members  getting  together  and  reading 
papers  at  any  meeting? 

The  Chatk. — There  is  nothing  prohibiting  it  that  I  know  of. 

Mr.  North. — I  don't  know  what  more  they  want. 

General  G.  S.  Greene. — They  want  it  published  in  our  Proceedings. 

Mr.  North. — I  understand  any  paper  read  before  our  Society  is 
published. 

Mr.  J.  P.  Davis.— I  should  think  from  the  letter  of  Mr.  McMath 
that  he  intends  to  have  others  than  members  of  this  Society,  members 
of  the  local  society. 

The  Secretary. — I  think,  from  a  personal  conversation  with  Mr. 
McMath,  that  he  does  not  propose  to  have  anybody  members  of  these 
sections  except  members  of  the  Society. 

Mr.  J.  P.  Da^^ts.— In  his  letter  he  speaks  of  those  who  proposed 
forming  societies  not  being  members  of  our  Society. 

The  Secretary. — What  he  said  to  me  was  that  he  knew  that  these 
members  would  immediately  become  members  of  this  Society. 

Mr.  Croes. — Suppose  they  could  not  come  in  V 

The  Secretary. — Then  they  could  not  be  members  of  that  local 
society.  We  have  invited  men  here  who  were  not  members.  They  can- 
not vote.  They  cannot  call  themselves  members  of  the  Society.  We 
are  exclusive,  if  we  choose  to  be  exclusive,  but  at  many  of  the  interest- 
ing discussions  that  we  have  had — even  at  the  last  discussion  upon  the 
paper  which  will  be  in  order  for  discussion  this  afternoon— there  were 
men  here  who  were  not  members  of  our  Society,  who,  by  invitation  of 
the  presiding  officer,  took  part  in  the  discussions.  We  have  published 
papers  in  our  Transactions  not  by  members  of  the  Society.  We  have 
published  discussions  on  technical  papers  by  persons  who  are  not  mem- 
bers. 

Mr.  Croes  — Then  what  is  the  advantage  of  this  proposed  amend- 
ment ?  Has  not  everybody  connected  with  the  Society  the  same  privi- 
lege now  that  he  would  have  under  this  amendment  ? 


22 

Mr.  J.  P.  Davis. — No  ;  tlie  papers  are  to  be  read  before  the  local 
society  and  then  published  here. 

General  G.  S.  Greene  .  — I  would  like  to  ask  a  question .  As  I  under- 
stand, this  amendment  is  proposed  to  meet  local  interests,  that  is,  en- 
gineers who  cannot  attend  the  meetings  here,  and  who  want  to  meet  for 
discussion . 

Mr.  North. — Is  there  anything  in  the  Constitution  that  prevents 
twenty  members  of  this  Society,  who  may  be  residents  at  Chicago  or  St. 
Louis,  from  meeting,  from  listening  to  a  paper,  from  discussing  it,  and 
then  sending  the  paper  here  with  this  discussion  and  having  it  published 
in  our  Proceedings,  under  the  usual  restrictions  ?  That  is  what  they 
propose  to  do.  Why  can't  they  do  as  they  choose — send  the  paper  here 
and  let  us  publish  it  ? 

The  Secretary.  —  The  only  point  in  answer  to  that  is  :  These  gentle- 
men have  been  talking  to  me,  and  I  feel  it  proper  that  I  should,  in  a 
certain  sense,  represent  them.  The  answer  to  that  is  what  has  been  sug- 
gested just  now  by  a  gentleman  in  another  part  of  the  room.  That  is  to 
say,  papers  to  be  published  here  are  to  be  read  here  at  meetings  of  the 
Society,  or  at  the  Conventions.  Now,  gentlemen  who  are  interested  in 
the  improvements  of  the  Mississippi  River,  which  these  particular  gentle- 
men are  specially  interested  in — the  improvement  of  the  rivers  of  the 
West — cannot  come  to  New  York  for  that  purpose  very  well.  They 
want  to  have  discussion  of  papers  upon  their  special  lines  of  engineering, 
which  discussians  can  be  had  there,  at  St.  Louis,  for  instance,  or  other 
points,  and  where  men  who  are  immediately  in  the  line  of  that  sort  of 
engineering  can  be  present  and  take  part.  They  have  sent  some 
of  their  papers  to  this  Society  ;  they  have  been  read  at  meetings  of 
this  Society  ;  they  have  been  very  little  discussed.  If  they  had  been 
read  before  a  number  of  engineers  actively  engaged  in  the  improvement 
of  the  rivers  of  the  West,  they  would  have  been  actively  discussed. 
Now,  they  say,  we  don't  want  to  get  out  of  the  Society  :  we  don't  want 
to  form  an  organization  to  do  it.  But  we  feel  this  need  ;  discussing  a 
thing  a  thousand  miles  off  is  a  very  difficult  thing  to  do.  Now,  why  don't 
you  give  us  this  sanction  to  go  on,  as  a  section  of  the  Society,  and 
discuss  these  questions?  Then  we  send  them  to  you.  Your  Publication 
Committee  takes  them  ;  it  is  expressly  provided  that  they  shall  be  pub- 
lished only  under  the  regulations  of  the  Society.  They  claim  that  it  will 
add  to  the  interest  of  the  publications  of  our  Society  if  they  can  only 
have  this  privilege.  And  I  mean  to  say  that  it  is  really  a  fact,  that  it  is 
an  earnest  desire  on  the  part  of  these  men,  that  I  feel  is  true,  to  increase 
the  membership  and  usefulness  and  extent  of  this  Society,  rather  than  to 
fritter  it  away  by  a  lot  of  small  organizations.  Whether  they  are  right 
or  not  in  their  method  of  getting  at  it,  is  another  question.  But  they  do 
feel  that  they  are  interested  in  special  lines  of  engineering,  and  that 
large  numbers  of  engineers  who  are  so  interested  cannot  come  to  New 
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York  to  discuss  these  matters,  and  tliey  say  they  would  like  to  discuss 
these  questions,  and  discuss  them  to  a  certain  extent  under  the  feeling 
that  they  are  doing  it  as  members  of  the  American  Society  of  Civil  Engi- 
neers. In  answer  to  the  points  suggested  as  to  the  methods  of  the  Eng- 
lish society,  they  say  that  it  is  a  very  dijfiferent  thing  ;  the  members  of  that 
Society  can  very  easily  come  from  any  part  of  England  to  London,  the  cap- 
ital ;  it  is  a  short  distance  ;  but  we  cannot  come  from  Chicago  here  ;  we 
cannot  come  from  St.  Louis  here.  They  say  they  certainly  have  no  in- 
tention to  change  the  power  of  the  Society  in  its  general  organization  to 
control  its  own  affairs  in  any  way  ;  they  claim  that  absolutely.  There  is 
certainly  an  amount  of  credit  to  be  given  to  their  honesty  in  this  matter. 
I  do  not  think  they  want  anything  else.  If  they  want  to  form  a  separate 
society,  they  can  do  it;  but  they  say  they  don't  want  to,  and  we  must 
give  them  the  credit  of  honesty  in  the  matter.  It  is  decidedly  a  different 
thing  from  the  suggestion  made  two  or  three  years  ago,  which  was  dis- 
cussed so  largely  and  which  was  not  carried,  to  form  Chapters  of  the 
Society.  And  then  the  question  was,  how  was  it  possible  to  form  Chap- 
ters of  the  Society  which  should  not  have  the  power  of  admitting  mem- 
bers, and  yet  which  should  keep  successful?  The  Society  made  up  its 
mind  at  that  time  that  it  could  not  be  done.  It  was  earnestly  discussed, 
but  on  the  whole  it  was  decided  there  was  no  way  to  do  it.  Now,  they 
particularly  say  they  don't  want  to  have  the  slightest  privilege  in 
regard  to  the  admission  of  members .  All  they  want  is  the  power  to  go 
on,  under  the  direction  of  the  Society,  to  meet  together  and  discuss 
these  questions.  It  is" true  that  they  can  do  that  this  moment,  but  then 
they  won't  be  doing  it  at  all  as  of  this  Society.  If  they  send  their  papers 
here,  if  they  do  that,  then  the  answer  would  be,  why  you  read  this  paper 
previously  before  a  lot  of  people  ;  it  is  not  new,  because  it  was  not  origi- 
nally presented  to  this  Society.     That  is  all. 

General  G.  S,  Geeene.— They  propose  more  than  really  asking  that 
their  papers  be  recorded  here.  They  ask  their  transactions,  which  they 
cannot  do  under  the  present  organization.  Their  transactions,  of 
course,  include  their  debates  and  discussions,  which  may  be  very  exten- 
sive, and  all  I  propose  is,  that  the  publication  of  these  transactions  shall 
be  subject  to  the  approval  of  the  Direction.  I  propose  to  make  an 
amendment  to  that  effect. 

Mr.  Cooper. — I  think  that  in  this  discussion  of  this  question  of 
sections,  two  things  are  to  be  considered — the  section  by  locality 
and  the  section  by  specialties.  Forming  a  section  for  the  dis- 
cussion of  harbor  and  river  improvements  is  entirely  a  different 
thing  from  forming  a  section  to  have  it  at  St.  Louis  or  New  Or- 
leans, or  any  other  point.  They  are  two  different  things.  I  believe 
thoroughly  in  both  of  them — both  in  sections  by  localities  and  in 
sections  by  specialties.  But  to  discuss  the  matter  thoroughly  it  seems 
to  me  we  should  keep  each  of  them  separately  in  view.   By  local  sections, 
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the  members  of  our  Society  have  the  opportunity  of  coming  together 
and  thoroughly  discussing  any  subject  they  desire.  They  should  have 
the  right  also  of  admitting  as  many  members  of  that  section  as  they 
please,  regardless  of  being  members  of  our  Society.  Such  admission  does 
not  give  them  any  rights  in  our  Society,  but  simply  gives  them  the  right 
in  the  section  to  discuss  any  papers  that  come  before  that  section,  we,  as  a 
Society,  getting  the  benefit  of  that  discussion.  That  is  part  of  the  object 
of  our  Society— to  get  information  from  all  parts,  from  every  person. 
We  would  get  the  benefit  of  that.  Such  members  would  have  no  rights 
in  the  American  Society  of  Civil  Engineers.  They  would  not  even  be 
entitled  to  our  publications,  but  we  would  get  the  benefit  of  their  being 
members  of  these  sections.  In  addition,  a  section  by  specialties  would 
have  great  advantages,  because  any  subject  of  a  particular  character 
would  be  brought  before  the  men  who  are  competent,  or  supposed  to  be 
competent,  to  discuss  that  matter,  instead  of  throwing  it  open  for  a 
general  discussion, which  frequently  crowds  out  the  very  ones  who  should 
discuss  the  subject.  Now  it  seems  to  me,  in  discussing  this  subject,  we 
should  consider  whether  this  is  a  proposition  for  sections  by  location, 
or  sections  by  subjects. 

The  Chair. — The  proposed  amendment  which  we  are  now  speaking 
of,  seems  to  change  it. 

Mr.  Cooper. — The  amendment  as  originally  proposed,  as  I  read  it, 
simply  divides  the  Society  into  sections  by  special  subjects.  It  has 
nothing  to  do  with  locality,  but  Mr.  Haight's  amendment  changed  the 
character  altogether,  and  makes  it  sections  by  location.  That  is  the 
vital  point,  it  seems  to  me,  in  the  whole  subject. 

Mr.  Egleston.— It  is  true,  as  has  been  said  by  the  Secretary,  that 
this  country  is  greater  than  any  other  country  in  the  world,  on  account 
of  its  greater  extent.  In  older  countries  you  can  get  access  to  the  capital 
in  a  few  hours.  It  is  very  clear  that  members  of  this  Society,  if  they 
were  members  in  San  Francisco,  ought  to  be  allowed  to  discuss  the  engi- 
neering points  which  are  of  interest  there;  they  ought  to  be  allowed  not 
only  to  read  papers,  but  to  discuss  the  matter,  and  then,  when  that  has 
been  done,  that  discussion  and  these  papers  could  easily  be  sent  here 
and  be  read  by  title  and  be  part  of  the  discussion  of  the  Society.  If  you 
cut  off  a  member  in  San  Francisco  from  hearing  it  discussed  by  members 
in  the  vicinity,  and  who  know  most  of  the  details,  and  require  him  to 
read  it  here,  where  there  may  be  no  discussion  on  it  at  all,  it  seems  to  me 
you  cut  off  a  great  deal  of  useful  knowledge.  I  think  by  a  very  simple 
amendment — I  am  not  prepared  to  offer  it — if  we  allow  members  to  go 
on  and  discuss  subjects  to  them  locally  interesting,  and  then  have  the 
paper  forwarded  here  and  read  by  title,  you  would  have  accomplished  all 
that  is  desired  in  both  these  amendments. 

Mr.  Croes. — There  are  a  great  many  papers  published  already  which 
are  never  read.     The  majority  of  the  papers  published,  I  might  almost 
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say,  are  not  read  in  full  at  the  meetings,  so  that  there  is  nothing  to  be 
gained  by  making  any  more  written  law  on  the  subject. 

Mr.  Egleston. — The  discussion  of  the  paper  is  often  very  much  more 
interesting  than  the  paper  itself. 

Mr.  Croes. — Very  much  more. 

Mr.  J.  P.  Davis. — Do  you  submit  papers  to  be  read  in  the  Society 
which  have  been  read  elsewhere  ? 

Mr.  Ceoes. — No,  sir. 

Mr.  J.  P.  Davis. — Then,  that  is  the  point.  They  want  to  read  their 
papers  elsewhere,  and  send  them  here  to  be  published. 

Mr.  Croes. — Papers  that  have  been  read  before  other  societies,  and 
not  published  elsewhere,  could  be  published  here  perfectly  well.  The 
important  point  in  the  thing  is,  as  I  Understand  it,  that  we  demand 
priority  of  publication  of  any  papers  presented  to  the  Society.  If  these 
local  sections  are  to  have  the  papers  reported  in  the  local  press  and  pub- 
lished in  the  papers  there,  that  would  be  a  publication  in  advance,  which 
would  render  it  ineligible  for  publication  by  our  Society.  The  same 
point  I  take  with  regard  to  the  publication  complete  of  papers  that  are 
read  here  and  might  be  given  to  a  local  paper  to  publish  before  publica- 
tion by  the  Society.  As  a  member  or  chairman  of  the  Library  Commit- 
tee, I  should  vote  always  against  the  publication  by  the  Society  of  any 
paper  in  such  a  case. 

Mr.  CoLLiNGWOOD. — When  this  matter,  in  a  little  different  form,  was 
up  before  us  five  or  six  years  ago,  I  was  then  opposed  to  the  action. 
Since  that  time  I  think  circumstances  have  changed  very  materially  ;  we 
are  now  in  a  stronger  position  than  we  were  then,  and  we  can  afford  to 
be  more  liberal.  We  do  know  that  some  of  these  local  societies  that 
have  been  formed  since  then,  are  doing  a  good  work  ;  and  that  some  of 
the  papers  they  are  publishing,  are  ones  we  would  be  glad  to  have  in  our 
Proceedings.  It  seems  to  me  we  should  endeavor  to  secure  for  our  pub- 
lication that  class  of  papers  which  have  been  read  elsewhere,  some  of 
them  exceedingly  good.  In  my  mind  it  is  very  desirable  to  do  it.  I  do 
not  know  what  is  the  best  way  exactly.  We  might  not  hit  on  the  best 
way  first,  but  certainly  it  is  a  good  idea  to  make  an  entering  wedge,  and 
see  what  can  be  done  hereafter. 

Mr.  BoLiiER.— It  is  a  good  thing  for  this  Society  to  take  a  broad  and 
liberal  view  of  this  matter.  Most  old  members  will  remember  the  time 
when  we  had  our  old  quarters  in  William  Street.  The  great  difficulty 
was  to  make  the  members  take  a  broad  American  idea  of  the  Society,  and 
the  Society  was  growing  fast  to  be  simply  a  local  New  York  Society. 
Every  effort  was  made  in  all  sorts  of  ways  to  interest  the  members  be- 
yond the  influence  of  New  York;  a  great  many  resignations  came  in; 
they  said  they  knew  nothing  about  the  Society,  they  got  no  benefit  from 
it,  and  finally  the  idea  of  the  peripatetic  annual  conventions  was  settled 
upon.    And  from  that  day  the  Society  has  become  what  it  is.    The  whole 
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strength  of  the  Society  has  arisen  from  the  idea  of  making  the  interest  of 
the  engineers  of  the  country  a  common  one.  And  that  was  done  by  moving 
from  point  to  point  once  a  year,  and  getting  together  and  developing  the 
social  idea  and  exchanging  scientific  information.  It  was  absolutely 
necessary  on  account  of  the  vast  differences  in  points  of  habitation,  and 
the  importance  of  engineers  coming  together. 

This  sectional  idea  is  another  step  in  the  same  direction,  and  the  gen- 
eral principle  of  it  I  am  in  full  sympathy  with.     I  do  not  see  exactly 
that  the  amendment  proposed  covers  just  what  we  want  to  do,  but  I  be- 
lieve it  is  on  the  right  line,  and  from  the  material  we  have  in  hand  in  the 
original  proposition  and  the  amendment  and  discussion,  I  think  that  an 
efficient  working  amendment  can  be  framed  to  meet  the  needs  of  all 
those  gentlemen  that  are  at  a  distance  from  New  York,  and  still  closer 
bind  the  Society  all  over  the  country,  and  make  it  more  national  even 
than  it  is  now.     I  think,  probably,  the  best  plan  would   be  to  appoint  a 
committee  to  take  this  material  and  see  if  they  can  draft  a  series  of  reso- 
lutions or  draft  an  amendment  that  would  meet  the  objections  that  have 
been  urged — and  there  are  objections  in  the  present  crude  form — and 
present  to  the  Society  in  the  course  of  fifteen  or  twenty  minutes — I  think 
it  can  be  done — an  amendment  that  will  meet  the  views  of  all  parties 
in  reference  to  this,  and  have  the  section  idea  worked  up  in  the  direction 
that   is  proposed.     I  move,  therefore,  that  these  amendments  and  orig- 
inal proposition  be  referred  to  a  committee,  to  report  within  fifteen  or 
twenty  minutes  to  the  Society  a  complete  amendment  for  consideration. 
I  think  no  objections  can  be  made,  and  then  we  can  get  through  it  a 
great  deal  quicker. 

Mr.  Shinn. — I  second  that  motion. 

The  Chair. — How  many  do  you  ask  on  the  committee  ? 
Mr.  BoiiLEK. — A  committee  of  five. 

The  Chaie. — It  is  moved  and  seconded  that  this  matter  be  referred  to 
a  committee  of  five,  to  report  before  we  adjourn. 

The  motion  being  put  to  the  vote,  was  unanimously  carried. 
The  Chair. — I  appoint  as  such  committee  :    Messrs.   Boiler,   W.   W. 
Walker,  Macdonald,  Cooper  and  Charles  H.  Fisher. 
(This  committee  then  retired.) 

The  Chair, — The  present  condition  of  the  subject  of  Tests  of  Struc- 
tural Materials  was  referred  to  in  the  report  of  the  Board  of  Direction. 
That  subject  is,  by  request,  now  open  for  discussion. 

Mr.  MicHAELis. — I  only  want  to  say  a  very  few  words  on  this  matter, 
and  that  simply  in  a  practical  direction.  You  may,  perhaps,  recollect 
the  circumstances  under  which  the  present  law  was  passed.  It  was  at 
the  Convention  in  Washington,  at  a  time  when  the  Society  felt  itself 
really  pledged  to  a  bill  that  at  that  time  appeared  to  have  a  fair  prospect 
of  being  passed.  In  the  hurry  of  the  session,  however,  that  bill  was  not 
favorably  reached.     There  was,  however,  a  feeling  that  something  ought 
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to  be  done  at  once  to  bring  about  this  so  much  desired  end — the  use  of 
the  Government  machine  iit  Watertown  Arsenal— ia  the  interest  of  tlie 
profession.  The  official  representatives  of  the  Society  at  that  time  felt 
that  they  could  take  no  official  action  in  the  matter,  inasmuch  as  they 
were  pledged  with  the  other  societies  to  a  certain  course  of  action, 
namely:  the  support  of  the  bill  which  was  then  before  Congress.  But 
I  believe  most  of  them  felt  that  as  individuals  they  could  do  what  to 
them  seemed  best  for  the  benefit  of  the  Society  and  the  profession. 
Accordingly,  at  the  closing  hours  of  the  session,  while  the  Army  Ap- 
propriation Bill  was  in  controversy,  the  present  provisions  of  law  were 
added  by  the  efforts  of  the  members  of  the  Society  who  were  then  in 
Washington,  aided  by  certain  Government  officials.  The  law  as  it  stands 
now  gives  national  recognition  to  the  American  Society  of  Civil  Engi- 
neers, and  that  is  a  permanent  law  ;  also  provides  that  any  programme 
of  test  which  they  may  submit  shall  be  duly  carried  out.  That  is  the 
law  as  it  stands.  That  year  the  appropriation  was  ten  thousand  dollars, 
which  had  been  the  usual  appropriation  for  several  years,  and  I  believe 
had  always  been  expended  in  what  was  then  the  legal  work  of  the 
machine,  and  I  presume  has  been  no  more  than  was  needed.  In  fact, 
there  was  always  more  asked,  but  it  was  not  obtained.  Now  a  new  duty 
is  devolved  by  law  upon  the  machine.  The  Board  of  Direction  have  done 
their  part  very  satisfactorily.  They  have  proposed  a  programme,  and  I 
understand  the  proper  Government  officials  have  been  communicated 
with,  and  I  believe  that  will  be  carried  out  so  far  as  the  means  at  hand 
will  permit.  The  Society  has  been  given,  by  law,  certain  privileges. 
The  law,  however,  has  not  provided  any  means  for  carrying  out  the 
Society's  programme,  and  I  believe  that  it  is  our  business  to  attempt  to 
provide  the  necessary  appropriation  to  carry  out  any  programme  that 
we  may  have  submitted,  or  that  we  may  hereafter  submit.  The  present 
Army  Bill,  in  which  this  matter  is  legislated  upon,  contains  the  same 
provision  that  it  has  always  contained,  namely  :  it  appropriates  ten 
thousand  dollars  for  the  care  and  preservation  of  the  machine,  and  for 
the  tests  of  structural  materials.  Now  remember  that  this  appropriation 
of  ten  thousand  dollars  is  not  a  specific  appropriation  to  <;arry  out  the 
programme  that  the  Society  submits,  but  it  is  intended  to  cover  all 
expenses  of  the  machine,  including  whatever  tests  the  Government  may 
require.  But  no  special  provision  is  made  for  this  new  work  that  has 
been  imposed  upon  the  machine.  The  present  Congress  becomes  functus 
officio  on  the  fourth  day  of  March  next,  and  the  next  appropriation  will 
stand  until  the  30th  July,  1884.  The  next  Congress  in  its  long  session 
meets  in  December,  1883,  and  judging  by  the  past,  appropriation  bills 
will  not  be  reached  until  the  following  June.  That  brings  it  to  June, 
1884.  So  that  you  see,  if  any  money  is  required  to  carry  out  the  pro- 
visions, it  must  be  obtained  now,  for  otherwise  a  space  of  eighteen 
months  will  pass  witnout  any  appropriation  Ijeing  available.     I  would 
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suggest,  from  the  experience  of  the  past,  that  any  reasonable  amount 
of  money  that  the  Society  may  deem  necessary  to  carry  out  its  pro- 
gramme can  be  obtained  from  Congress,  and  I  think  it  is  our  business 
to  obtain  it.  I  would  suggest  that  the  Society  ajDpoint  a  committee, 
and  for  reasons  that  are  probably  known  to  all  of  you  I  do  not  pro- 
pose to  make  that  motion,  but  I  think  it  would  be  well  to  appoint  a 
committee  whose  business  it  shall  be  to  appear  before  the  Appropriation 
Committee  of  the  Senate,  or  probably  the  Conference  Committee,  who 
shall  ask  for  an  appropriation  for  what  we  require,  namely  :  the  carry- 
ing out  of  the  programme  which  this  Society  may  submit.  I  think  it 
is  very  feasible  to  do  this.  This  is  a  very  economical  Congress  just 
at  present,  and  no  appropriations  are  made  that  are  not  in  strict 
accordance  with  the  law.  This  year  we  are  in  a  different  position 
from  the  last.  Last  year  any  legislation  we  asked  to  have  engrafted  in 
appropriation  bills  was  subject  to  the  point  of  order  that  it  was  not 
in  accordance  with  law.  Now,  however,  if  an  appropriation  of  five,  ten, 
fifteen  or  twenty  thousand  dollars — whatever  the  Society  should  deem 
proper — should  be  put  in  the  bill,  and  one  of  the  well-known  objectors 
in  the  House  or  Senate  should  raise  the  point  of  order,  that  there  was 
no  law  for  this,  the  supporters  of  the  bill  could  well  point  to  the 
law,  that  is  on  the  statute  at  present,  that  it  is  made  the  duty  of  the 
proper  Government  official  to  carry  out  the  programme  that  may  be 
submitted  by  the  American  Society  of  Civil  Engineers,  and  that  this 
money  is  needed  to  carry  out  the  law.  I  think  I  have  made  the  matter 
plain.  I  think  it  requires  very  little  work,  and  the  work  that  the  Society 
expects  from  the  carrying  out  of  its  programme  will  really  be  jeopar- 
dized unless  the  necessary  funds  be  obtained. 

I  submit  that  a  committee  be  named,  whose  influence  will  be  stronger 
and  more  potent  than  the  individual  members  who  appepired  last  summer, 
and  who  obtained  the  legislation — a  committee  who  can  state  that  they 
represent  the  body  of  the  American  Society  of  Civil  Engineers,  which 
Society  is  now  recognized  by  the  national  law.  And  that  is  the  reason 
I  suggest  that  a  committee  be  appointed  who  can  speak  in  the  name  of 
the  Society,  and  tell  the  gentlemen  in  Congress  that  the  Society  wants 
this  money. 

Mr.  Egleston. — I  think  it  is  the  duty  of  this  Society  now  to  follow 
up  the  idea  suggested  by  Captain  Michaelis,  and  that  was  part  of  the 
original  programme  of  the  Conference  Committee  in  Washington.  As 
Captain  Michaelis  does  not  desire  to  do  so,  I  therefore  make  a  motion 
that  a  committee  be  appointed  to  act  for  the  Society  in  this  matter. 

Mr.  J.  P.  DAVis.-Ought  not  that  motion  to  be  a  little  more  com- 
plete, specifying  the  number,  and  when  they  shall  be  appointed? 

Mr.  Michaelis. — I  mean  immediately. 

The  Chaie. — I  wish  the  mover  of  that  motion  would  suggest  how 
many  he  wants. 
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Mr.  Egleston. — A  committee  of  seven  I  suggest  should  be  appointed, 
and  that  the  committee,  if  necessary,  be  appointed  by  the  Board  of 
Direction  within  as  short  a  time  as  would  be  convenient. 

Mr.  MiCHAELis. — The  bill  is  now  in  the  Senate,  and  it  is  very  neces- 
sary whatever  is  to  be  done  should  be  done  quickly.  I  do  not  think  we 
have  over  two  weeks  to  do  the  work  in.  The  bill  has  passed  the  House 
without  any  special  appropriation  for  this  purpose.  It  is  now^  in  the 
hands  of  the  Appropriation  Committee  of  the  Senate. 

Mr.  Egleston. — It  was  suggested  that  the  committee  be  appointed 
by  the  Chair  as  soon  as  practical.  I  think  it  would  be  better,  perhaps, 
for  the  Board  of  Direction  to  discuss  the  matter,  to  find  out  who  the 
members  are  that  would  be  most  likely  to  have  the  most  influence  in 
Washington. 

The  Chair. — I  like  the  suggestion  that  the  Board  of  Direction  should 
make  the  appointments,  because  I  think  the  subject  of  canvassing  who 
could  best  go  to  Washington,  and  who  personally  had  the  most  influence 
at  Washington,  would  require  some  little  time.     I  like  that  form  best. 

The  Secretary. — The  Board  of  Direction  will,  by  law,  have  to  meet 
within  a  week,  and  I  suppose  that  action  can  be  taken  immediately. 

The  Chair. — It  is  moved  and  seconded,  then,  that  a  committee  be 
appointed  by  the  Board  of  Direction,  consisting  of  seven,  to  attend  to 
this  matter. 

On  being  put  to  a  vote,  the  motion  was  carried. 

The  Chair. — General  business  is  now  in  order.  Members  are  requested 
to  present  any  desired  business.  None  being  presented,  the  discussion 
upon  the  paper  by  William  P.  Shinn,  M.  Am.  Soc.  C.  E.,  on  "  The  In- 
creased Efficiency  of  Railways  for  the  Transportation  of  Freight,"  will 
be  in  order. 

A  discussion  of  this  paper  by  Mr.  John  B.  Jervis,  Hon.  M.  Am.  Soc. 
C.  E.,  was  then  read  by  the  Secretary. 

The  committee  to  report  upon  the  proposed  amendment  to  the  Con- 
stitution then  presented  its  report  through  the  Chairman,  Mr.  Boiler, 
as  follows  : 

The  committee,  to  whom  was  referred  the  original  amendment  of  the 
Constitution,  with  its  various  amendments,  would  respectfully  report  as 
follows  :  That  they  have  unanimously  and  heartily  agreed  upon  the  fol- 
lowing amendment,  and  they  have  done  so  with  as  catholic  a  spirit  as 
possible  to  advance  the  interests  of  the  Society,  and  to  protect  the  So- 
ciety in  all  needful  ways  in  its  composition,  control  and  dignity.  The 
amendment  they  propose  is  simply  a  small  change  on  that  originally 
proposed,  namely,  that  the  proposed  amendment  should  read  as  follows: 

Proposed  amendment. 

A  new  Article : 

Whenever  ten  or  more  m'^mbers  of  the  Society  shall  signify  their  desire  to  form  a  Section 
of  this  Society  for  the  advancement  of  Engineering  or  of  any  special  branch  thereof,  the  Board 
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of  Direction  shall  consider  such  application,  and  submit  it  with  an  expression  of  opinion  to 
the  Society  for  a  letter-ballot.  The  application  shall  be  gi-anted  if  two-thirds  of  the  votes  be 
in  the  aflfirmative. 

Sections  authorized  as  above  shall  have  the  privilege  of  separate  meetings  for  reading  of 
papers  and  discussions  at  times  and  places  determined  by  themselvess,  but  may  not  assume  to 
transact  business  in  the  name  of  the  Society. 

The  transactions  of  such  Sections  may  be  published  by  the  Society  under  the  usual  regu- 
lations: but  no  expense  other  than  for  such  publication  shall  be  borne  by  the  Society. 

Mr.  Shinn. — I  move  that  the  report  be  accepted,  and  that  the  com- 
mittee be  discharged. 

Mr.  CooPEK. — I  second  the  motion. 

The  motion  was  adopted. 

General  G.  S.  Gkeene. — I  move  that  the  amendment  as  reported  be 
recommended  by  the  Annual  Meeting  for  adoption  by  the  Society. 

Mr.  Shinn. — I  second  that.  In  seconding  that  motion,  Mr.  Presi- 
dent, I  wish  to  endorse  what  Mr.  Boiler  has  so  well  said  in  regard  to 
broadening  instead  of  any  possible  narrowing  of  the  foundations  of  this 
Society.  The  important  change  that  he  referred  to  in  his  historical 
remarks,  of  adopting  peripatetic  conventions,  undoubtedly  laid  the 
foundation  for  the  present  prosperity  of  the  Society.  Many  of  the 
members  will  remember  that  in  1873  we  came  to  another  point  where 
there  was  some  departure  necessary,  and  it  was  only  obtained  after  a 
very  considerable  struggle.  The  questions  then  of  admitting  non- 
resident members  to  a  voice  in  the  proceedings  of  the  Society  by  means 
of  the  letter- ballot,  and  the  question  of  a  monthly  publication  of  the 
transactions  instead  of  an  uncertain 

Mr.  BoLLEK. — Spasmodic. 

Mr.  Shinn. — A  publication  so  uncertain  and  irregular  that  we  never 
knew  whether  we  would  receive  two  or  three  papers  a  month  or  one  in 
three  months,  came  ujd  for  discussion,  and  were  very  warmly  discussed 
and  finally  adopted. 

I  knew  at  that  time  the  feeling  of  the  non-resident  members  on  these 
two  subjects.  They  felt  as  though  they  were  excluded  by  the  necessities 
of  their  situation  from  personally  participating  in  the  meetings  that 
were  held  in  New  York  twice  a  month,  and  many  of  them,  by  their 
remoteness  from  the  place  that  might  be  selected  from  time  to  time  for 
the  Annual  Convention,  were  prevented  from  even  attending  that, 
except  at  rare  intervals.  The  number  of  members  that  we  had  in  attend- 
ance at  the  conventions  was  rarely  over  fifty  or  sixty  out  of  a  member- 
ship at  that  time  of  some  three  hundred,  showing  that  a  very  large 
proportion  of  the  members  was  not  able  even  to  get  to  the  conventions. 
The  feeling  was  that  the  Society,  if  it  was  to  be  made  national,  should 
be  so  broadened  in  its  views,  in  its  aims,  and  in  its  efforts  as  to  include 
those  members  that  necessarily  resided  at  a  great  distance  from  the  City 
of  New  York. 

There  has  been  another  particular  in  which  it  has  always  seemed  to 
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me  the  policy  of  the  Society  has  been  narrow,  and  I  think  the  time  has 
come  now  to  broaden  that— the  question  of   the  publication  of  these 
papers.     It  was  for  a  long  time  held  that  no  periodical,  newspaper  or 
other  publication  should  be  allowed  to  pubUsli  the  papers  of  the  Society. 
They  were  copyrighted;   they  might  be  quoted  from;   they  might  pub- 
lish portions  of  them;    but  the  papers  themselves  were  copyrighted,  and 
could  not  be  published  as  a  whole  in  any  other  publication.     Now, 
engineers,  as  well  as  other  people,  need  to  get  their  wares  before  the 
public;    their  wares  are   frequently  their   views — their  ideas;    and  as 
human  nature  is  very  much  the  same  everywhere,  and  very  much  the 
same  in  all  the  walks  of  life,  the  experiences  that  others  have  had  in 
getting  their  wares  before  the  public  are  certainly  not  to  be  ignored  by 
the  Society.     I  recollect  when  the  remark  was  made,  that  if  we  allow 
these  papers  to  be  published  in  other  publications  there  would  be  no 
inducement  for  people  to  become  members.     Xow,  as  astute  a  man  as 
Barnum  has  found  it  to  his  advantage  to  parade  his  animals  and  his 
human  beings  all  through  the  town  where  he  was  going  to  show;  he  did 
not  hide  them  and  say,  "You  shan't  see  one  of  these  animals,  or  one 
of  these  people,  until  you  come  within  the  walls  of  my  tent."     He  has 
found  it  to  be  an  advantage  to  show  them,  and  to  let  the  people  see  he 
had  something  worth  showing.    He  has  found  that  by  that  means  he  has 
increased  the  attendance  at  the  show.     Now,  that  lesson  ought  not  to  be 
lost  in  this  Society.      In  the  Institute  of  Mining  Engineers  we  had  the 
same  question  up  a  while  ago.     At  that  time  they  had  a  publication,  and 
a  very  good  publication — a  publication  of  very  high  standing — that  was 
allowed  to  publish  exclusively  the  papers  that  were  read  before  the 
Institute  of   Mining  Engineers;   and  the  question  came  up  whether  it 
would  not  be  best  to  allow  other  publications  to  spread  those  papers 
before  the  community,  and  it  was  decided  that  it  would  be  best,  and 
now  there  is  no  restriction.      Papers  that  are  read  before  the  Institute  of 
Mining  Engineers  are  allowed  to  be  published  in  any  paper  that  has  the 
enterprise  to  get  hold  of  them  and  set  them  up  in  type.     What  is  the 
result  ?     The  Institute  of  Mining  Engineers  is  the  strongest  society  that 
has  any  professional  leanings,  probably,  or,  perhaps,  the  next  strongest, 
in  the  United  States  to-day.      It  numbers  something  over  one  thousand 
members,  and  that  membership  has  increased  very  rapidly.    The  interest 
in  the  Institute  has  been  very  rapidly  developed  since  the  papers  hare 
been  allowed  to  be  published  all  over  the  country. 

The  amendment  that  we  have  before  us  to-day  is  in  the  direction  of 
broadening  the  foundations  and  extending  the  uses  of  this  Society;  and, 
in  my  opinion,  it  ought  to  be  adopted.  The  amendments  that  the  com- 
mittee have  made,  I  think,  improve  it  over  the  form  in  which  it  was 
originally  submitted.  As  I  understand  the  form  in  which  the  committee 
recommended  it,  a  section  may  be  formed  for  any  purpose;  it  may  be 
devoted  exclusively  to  one  branch  of  engineering,  or  it  may  take  in  all 
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branches.  The  result  will  undoubtedly  be  to  increase  the  interest  that 
is  felt  in  this  Society,  in  the  papers  that  are  read  before  it,  and  in  the 
discussions  that  take  place  in  it.  Many  of  those  members  who  never  get 
to  a  meeting  of  the  Society  will  be  enabled  to  discuss  papers,  which  will 
afterwards  be  sent  here.  It  will  lead  to  free  discussion,  and  increase  the 
sum  of  human  knowledge  upon  the  subjects  that  this  Society  takes  cog- 
nizance of,  and  it  seems  to  me  that  that  is  what  we  are  here  for. 

Mr.  BoiiLEK. — It  may  be  a  little  irreverent,  but  I  want  to  criticise 
one  remark  of  Mr.  Shinn,  made  in  regard  to  the  Institute  of  Mining 
Engineers  being  the  most  flourishing  society  in  this  country.  It  is  a 
flourishing  society,  but  this  American  Society  of  Civil  Engineers  is 
the  only  society  I  know  of  that  has  a  qualification  for  membership. 
I  am  a  member  of  the  Institute  of  Mining  Engineers.  I  don't  know 
why,  but  I  suppose  because  I  was  proposed  and  elected.  I  know  noth- 
ing about  mining,  and  if  the  method  of  electing  members  in  that  society 
was  the  same  as  it  is  here  I  would  not  be  eligible  for  membership.  So 
that,  in  my  way  of  thinking,  I  consider  the  present  membership  of  the 
American  Society  of  Civil  Engineers,  its  qualifications  for  membership, 
and  the  method  of  investigation  of  parties  applying  for  membership, 
puts  it,  par  excellence,  over  all  societies.  I  only  rise  to  make  tlie 
antithesis  to  the  form  of  what  Mr.  Shinn  said  in  regard  to  the  Institute 
of  Mining  Engineers. 

Mr.  Shinn. — I  did  not  wish  to  be  understood  as  making  any  com- 
parison between  the  Institute  of  Mining  Engineers  and  this  Society 
whatever.  I  referred  merely  to  the  growth  of  the  Society  as  stimulated 
by  a  certain  policy,  and  that  Society  five  years  ago  was  weaker  than  this 
in  point  of  numbers,  and  at  this  time  it  numbers  not  quite  double,  but  I 
think  the  membership  is  very  nearly  up  to  eleven  hundred.  That  was 
the  only  point  I  wished  to  call  attention  to — that  that  Society  had 
found  it  to  its  interest  to  adopt  a  liberal  policy  in  regard  to  this  matter 
of  publishing  its  papers,  and  I  think  that  this  Society  would  not  sufifer 
from  a  similar  broadening  of  its  foundation  and  of  its  methods. 

Professor  DeVolson  Wood. — I  would  like,  if  I  had  time  to  study  the 
question,  to  say  some  words  particularly  in  regard  to  this  question  of 
publication.  My  first  impressions  in  regard  to  this  proposition  were  un- 
favorable, but  I  cannot  speak  very  sharply  or  positively  in  regard  to  it, 
because  I  have  not  got  the  full  import  of  it.  I  have  not  looked  at  it  as 
other  members  have.  I  will  only  indicate  very  briefly  how  it  impresses 
me.  It  looks  first  rather  like  a  disintegration  than  otherwise.  I  do  not 
see  the  necessity  of  the  permit.  I  do  not  see  what  is  to  prevent  them, 
or  a  dozen  persons  anywhere,  forming  a  society  and  discussing  a  paper, 
either  here  or  elsewhere.  But  as  these  opinions  may  have  been  well 
considered,  and  properly,  and  my  impressions  improperly  founded,  I  will 
say  no  more  than  throw  them  out.  But  it  gives  me  an  opportunity  to 
bring  forward  an  item  that  I  would  have  brought  forward   when   the 


33 

Chairman  asked  for  miscellaneous  business  if  I  had  not  been  a  very 
timid  man,  so  I  will  bring  it  up  under  this  head.  It  has  occurred  to  me 
that  possibly  this  Society  could  spread  its  benefits  wider,  and  be  a  greater 
impetus  to  its  members,  if  it  could  publish  the  titles  of  scientific  papers 
that  are  being  prepared  and  read  and  discussed  by  other  societies.  I 
had  thought  at  one  time  of  either  presenting  a  resolution,  or  of  asking  a 
question  of  the  Board  of  Direction  to  this  effect  :  That  the  Board  of 
Direction  be  requested  to  consider,  and  if  proper  submit  to  us,  the  ques- 
tion whether  we  might  not  publish  with  "our  Proceedings  the  titles  of 
papers  that  are  published  by  other  societies.  There  are  local  societies 
existing  here  and  there,  and  if  this  measure  that  is  now  proposed 
should  succeed  in  swallowing  those  up  and  thereby  directing  the  papers 
to  us  as  headquarters,  then  my  former  impressions  will  be  of  no  account, 
and  you  will  secure  the  thing  I  am  now  aiming  at.  It  would  require 
considerable  labor  on  the  part  of  somebody  to  look  up  these  societies  and 
to  secure  the  titles  of  the  papers.  But  it  seems  to  me  that  we  ought  to 
have,  if  possible,  somewhere  in  this  country  an  office  or  society  which 
would  at  least  publish  the  titles  of  papers  and  tell  where  they  may  be 
found.  I  do  not  think  that  we  are  in  condition  at  this  time  to  publish 
abstracts  of  these  papers  ;  but  if  a  paper  is  read  upon  Bridge  Engineer- 
ing, and  a  man  is  investigating  that  subject,  and  he  finds  a  title,  he  will 
look  it  up  and  see  what  is  in  the  paper  for  his  benefit.  So  with  hy- 
draulics. So  with  general  science,  or  any  subject  you  may  j)lease  to 
mention.  So  that  by  this  matter  of  securing  the  titles  of  papers  at  least, 
and  if  possible,  beyond  that,  an  abstract  of  the  substance,  for  this  So- 
ciety, I  think  a  great  good  would  be  done  by  it.  And  it  would  be  a 
great  pleasure  to  me  if  I  could  be  assured  that  this  Society  was  strong 
enough  that  it  would  secure  extra  help  to  attend  to  this  one  thing.  It 
would  make  them  useful  to  ourselves  and  others  to  a  greater  extent  than 
is  being  done  at  the  present  time. 

The  Chaik. — The  question  is  on  the  recommendation  of  the  amend- 
ment as  amended.  Will  the  Secretary  read  it  again,  so  that  it  may  be 
fully  understood  ? 

The  Secretary  did  as  requested. 

Mr.  North. — After  being  read  before  this  section  are  they  to  be  pub- 
lished without  being  submitted  to  the  Society  ? 

Mr.  Cooper. — The  presentation  of  a  paper  by  a  section  is  nothing 
more  than  the  presentation  of  that  paper  by  a  single  member.  The  only 
difference  is,  that  if  Mr.  North  desires  to  call  fifteen  of  his  friends  to  dis- 
cuss the  paper,  they  have  the  privilege  of  doing  so  ;  but  when  it  comes 
into  the  Society  it  comes  into  the  Society  presented  by  Mr.  North,  ac- 
companied by  the  discussions  of  his  fifteen  friends,  if  he  wishes  to  attach 
them  to  it.  In  regard  to  the  remarks  of  Prof.  Wood,  I  will  say  that  he 
certainly  does  not  appreciate  the  labor,  or  he  would  not  object  to  the  di- 
vision of  this  Society  into  sections.     We  are  now  past  500  members,  and 
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we  cannot  get  more  than  60  or  80  members  at  a  meeting,  and  when 
we  get  80  members  we  find  ourselves  so  unwieldy  that  we  cannot  use 
our  time  with  satisfaction. 

Prof.  Wood.  — I  think  the  gentleman  misunderstood  me  in  that  regard. 
I  believe  I  do  regard  the  opinions  of  three  men  interested  in  a  subject, 
brought  together  to  discuss  it,  pertaining  to  the  interests  of  those  three, 
worth  more  than  the  whole  Society,  oftentimes.  But  the  thing  which 
struck  me  was — I  do  not  intend  to  take  up  time — was  the  matter  of  taking 
into  consideration  the  formal  organization  under,  or  within,  or  around, 
or  about,  in  some  way,  of  such  societies. 

The  Chair.  — The  question  is  called  for.  The  question  is  upon  the 
recommendation  by  the  annual  meeting  for  adoption  by  the  Society  of 
the  proposed  amendment  to  the  Constitution  as  reported  by  the  Com- 
mittee. 

On  a  vote,  it  was  so  recommended. 

The  Secretary. — I  wish  to  ask  for  information.  That  is  to  say, 
whether  this  proposed  section  has  now  been  amended  in  such  an  essen- 
tial way  as  to  make  it  necessary,  under  the  Constitution,  to  submit  it  in 
its  original  form,  and  also  as  amended.  It  was  determined  some  time 
ago  that  if  amendments  which  were  of  an  important  character,  so  as  to 
change  the  substance  of  the  amendment,  were  made  by  the  annual 
meeting,  then^both  the  original  form  and  the  new  form  should  be  pre- 
sented; but  if  they  were  merely  verbal  changes,  then  it  was  not  neces- 
sary. 

Mr.  MicHAELis. — -The  spirit  of  the  amendment  is  not  altered. 

Mr  J.  P.  Daat:s. — The  Constitution  provides  how  it  should  be  carried 
out,  and  the  Board  of  Direction  and  the  Secretary  are  to  follow  the  Con- 
stitution. 

The  Secretary. — All  right. 

Prof.  De  VoiiSON  Wood. — I  have  a  resolution  to  offer.     It  is  this: 

'*  Resolved,  That  the  Board  of  Direction  be  and  hereby  are  requested 
to  consider  the  propriety  of  publishing  in  their  regular  publication  the 
titles  of  Engineering  Papers  read  by  other  societies  or  elsewhere  pub- 
lished, and  if  considered  advisable,  to  prepare  a  plan  therefor." 

Mr.  Cooper.  — I  am  very  sorry  to  differ  from  my  friend,  Professor 
Wood.  Merely  publishing  the  titles  of  papers  I  do  not  think  would  be 
of  any  use  to  any  member  of  this  Society.  We  know  very  well  it  is  very 
easy  to  give  a  big  sounding  title  to  a  very  thin  article.  Unless  that  title 
is  accompanied  by  an  abstract  of  the  article,  I  do  not  see  how  it  could  be 
of  any  use  to  the  members.  The  moment  we  can  publish  the  title  of  an 
article  and  give  an  abstract  of  it,  so  that  each  member  could  know  what 
the  article  was,  in  my  opinion  it  would  be  very  useful.  If  only  the  title 
is  published,  we  are  just  as  ignorant  as  we  are  if  we  see  a  catalogue  of 
books,  none  of  which  we  ever  saw  or  examined.     If  Professor  Wood,  or 
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some  other  gentleman,  will  undertake  to  give  us  abstracts  of  papers 
published  by  other  societies,  I  think  it  would  be  a  very  good  thing  as 
soon  as  we  can  afford  to  do  so. 

Mr.  Egleston. — I  would  move  to  amend — "That  abstracts  of  such 
papers  be  attached."  I  beg  to  state  for  the  information  of  this  dis- 
cussion— which  I  think  is  somewhat  out  of  order — that  the  German 
Government  is  in  the  habit  of  publishing  papers  in  all  languages,  and 
we  can  be  saved  from  publishing  these  if  we  will  only  write  to  the  Min- 
ister of  the  Interior  at  Berlin. 

The  Chair. — I  desire  to  call  up  the  question  of  the  mode  of  submis- 
sion of  the  proposed  amendments  to  the  Constitution.  I  had  supposed 
that  the  amended  form  of  the  last  amendment  considered,  as  reported  by 
a  committee  of  five  and  approved  by  this  meeting,  had  entirely  taken 
the  place  of  the  original  amendment,  and  I  considered  the  subject  thus 
disposed  of.  I  find  there  is  a  difference  of  opinion.  The  Secretary 
thinks  he  is  called  upon  to  send  out  for  ballot  both  the  original  proposed 
amendment  and  also  the  amendment  as  modified  by  this  meeting. 
If  that  is  the  case  then  I  am  in  error  in  my  ruling;  and  I  hope 
that  the  Society  will  now  pass  upon  this  point  before  entertaining 
another  motion.  As  I  say,  I  have  taken  upon  myself  to  pass  upon  «i 
point  perhaps  that  I  had  no  right  to  pass  upon  so  arbitrarily,  and  I 
would  now  ask  that  the  Secretary  be  instructed  in  regard  to  the  point 
that  he  raised  a  few  moments  since,  and  then  we  will  pass  to  the  other 
business  in  regular  order. 

Mr.  BoLLEB. — I  move  that  the  amendment  as  passed  shall  be  the  only 
one  sent  out  for  letter-ballots. 

Mr.  Emery. — There  is  a  question  back  of  that.  This  is  an  amend- 
ment to  an  original  proposition.  I  think  it  probably  would  be  better  to 
move  that  this  be  put  in  as  a  substitute  for  the  original  and  published  as 
such. 

Mr.  J.  P.  Davis. — The  Constitution  provides  how  we  shall  issue  this 
letter-ballot,  and  I  do  not  see  how  you  can  avoid  it.  I  do  not  see  that 
any  view  of  this  meeting  can  change  any  article  of  tlie  Constitution. 
In  other  words,  we  had  better  put  both  out — the  original  and  the  amend- 
ment to  the  amendment;  and  one  of  the  amendments  that  has  been 
passed  upon  already  is  to  so  amend  the  Constitution  that  we  shall  not 
have  to  do  it  after  this  year.  But  I  do  not  see,  if  this  meeting  takes  a 
vote,  how  it  is  to  modify  our  action  in  the  matter  at  all. 

Mr.  Cooper. — In  previous  years  we  have  done  as  Mr.  Davis  has 
stated — we  have  sent  out  both  amendments,  but  we  have  always  accom- 
panied the  first  or  original  amendment  with  the  statement  that  it  was  not 
approved  by  the  annual  meeting.  The  second  one  has  been  recom- 
mended by  the  annual  meeting.  I  do  not  think  the  Secretary  can  refer 
to  an  instance  where  the  annual  meeting  has  recommended  one  of  two 
amendments  for  adoption,  but  that  the  Society  has  endorsed  the  action  of 
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the  annual  meeting.  I  think  the  best  way  is  to  send  out  the  first  as  not 
recommended  for  adoption,  and  the  second  as  recommended  for  adoption 
by  the  Society  at  large.  I  think  with  that  there  will  be  no  question  but 
that  it  will  meet  with  the  approval  of  the  whole  Society. 

Mr.  Shinn. — Mr.  Cooper  is  wrong  in  his  history.  I  offered  the 
amended  article,  which  is  now  the  33d  article  of  the  Constitution.  It 
was  written  by  me.  The  language  was  well  considered,  and  in  my  opin- 
ion it  accomplished  the  object  intended.  In  the  opinion  of  the  Board 
of  Direction  it  did  not.  There  was  the  point  at  issue.  The  first  amend- 
ment that  came  up  that  was  sent  out  in  that  dual  form — the  only  one,  so 
far  as  I  now  recollect — was  an  amendment  in  regard  to  the  election  of 
members,  in  which  I,  with  others,  offered  an  amendment  to  the  Consti- 
tution providing  that  members  should  be  elected  thus  and  so.  I  was  not 
present  at  the  annual  meeting  that  considered  that  amendment.  The 
annual  meeting  saw  proper,  as  they  had  a  right  to  do,  to  change  that 
amendment.  Without  changing  its  object  or  its  general  spirit,  they 
changed  its  details  ;  and  so  the  Secretary,  under  the  instructions  of  the 
Board  of  Direction,  sent  that  amendment  out  in  two  forms.  Now,  there 
was  a  majority  of  the  Society — a  majority  of  those  who  voted  on  the 
amendment — who  wanted  to  have  that  amendment  adopted  ;  but  a  por- 
tion of  that  majority  voted  for  it  as  myself  and  others  originally  sub- 
mitted it,  and  another  portion  voted  for  it  as  the  annual  meeting 
amended  it.  And  the  consequence  was,  that  although  a  majority  vote 
was  cast  in  favor  of  an  amendment,  there  was  no  amendment.  The 
same  result  was  only  prevented  last  year  by  a  personal  appeal  to  the 
members  not  to  change  verbally  some  amendment  that  was  up  for  dis- 
cussion in  this  same  way,  as  it  was  feared  that  it  would  lead  to  this  fall- 
ing between  two  stools  as  before.  Now,  then,  to  come  to  the  question 
that  is  really  at  issue  in  this  matter.  Mr.  Emery,  in  his  remarks,  evi- 
dently did  not  know  the  history  of  that.  This  is  not  a  question  of  mere 
parliamentary  form,  as  to  whether  the  committee's  report  shall  be  con- 
sidered as  a  substitute,  or  as  an  amendment  to  the  amendment,  or  nny- 
thing  of  that  sort.  The  question  is  simply  this  :  Five  gentlemen  have 
offered  an  amendment  here  providing  for  the  establishment  of  sections  ; 
that  amendment,  as  offered,  does  not  meet  the  approval  of  this  an- 
nual meeting  ;  a  committee  of  this  annual  meeting  have  revised  that 
resolution  by  altering  its  details,  not  its  spirit ;  and  this  annual  meeting 
has  unanimously  approved  of  the  revised  form  of  the  amendment.  Now, 
under  the  previous  ruling  of  the  Board  of  Direction,  the  Secretary  must 
send  out  the  original  amendment  as  submitted  by  Mr.  McMath  ;  he  must 
also  send  out  the  revised  amendment  as  submitted  by  the  Committee, 
and  of  course  he  will  say  that  the  first  was  not  approved  by  the  annual 
meeting,  and  that  the  second  was  approved  by  the  annual  meeting.  In 
most  cases  that  would  be  sufficient  to  secure  a  majority  of  all  the  votes 
for  the  amendment  which  was  approved  by  the  annual  meeting.     But 
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Mr.  McMatli  and  his  associates  may  prefer  the  amendment  in  the  form 
in  which  they  originally  offered  it  (as  I  and  my  friends  and  a  good  many 
others  did  the  amendment  I  offered  at  another  meeting),  and  they  might 
vote  for  it  in  that  way.  And  if  we  assume  figures — if  there  were  300 
votes  cast,  it  would  take  200  necessarily  to  adopt  any  amendment. 
Now,  there  might  be  149  votes  cast  for  one  of  these  amendments  and 
there  might  be  151  cast  for  the  other,  and  they  would  not,  either  one  of 
them,  be  adopted.  Now,  then,  Mr.  Davis  has  said  that  this  meeting 
has  no  authority  to  construe  the  Constitution.  I  believe  that  this 
meeting  has  as  much  authority  to  construe  the  Constitution  as  the  Board 
of  Direction  has.  The  Board  of  Direction  have  said,  in  their  decision  in 
regard  to  the  provision,  "Such  amendments  shall  be  in  order  for  dis- 
cussion and  amendment  at  such  annual  meeting,  and  that  such  amend- 
ments thereto  as  may  have  been  approved  by  a  majority  vote  of  the  an- 
nual meeting  shall  be  voted  upon  by  letter-ballot."  The  Board  of  Direc- 
tion, in  its  wisdom,  has  said  that  that  means  that  the  amendment  shall 
be  sent  out  as  originally  submitted  ;  that  it  shall  also  be  sent  out  as 
amended.  Now,  I  submit,  it  does  not  mean  any  such  thing.  You  will 
find  in  any  record  that  you  may  take  up  of  legislative  proceedings  this 
expression  :  "The  bill  passed  with  the  amendments."  Will  any  gentle- 
man say  that  that  bill  passed  as  it  was  originally  submitted,  and  that  it 
was  also  passed  as  it  was  amended  ?  No  gentleman  would  pretend  to 
say  any  such  thing  ;  and,  not  to  mean  any  disrespect  to  the  Board  of 
Direction,  to  my  mind  the  construction  they  place  upon  this  amend- 
ment has  always  been  absurd.  I  never  could  see  any  grounds  for  it.  If 
it  was  to  be  taken  literally  at  all  in  the  way  they  express  it,  it  would 
mean  that  the  amendment  was  to  be  sent  out  as  it  was  originally  pro- 
posed, and  then  each  of  the  amendments  that  was  specifically  adopted 
to  it  should  be  sent  out  also.  But  evidently  it  does  not  mean  that.  If 
it  means  anything,  it  means  that  this  meeting  has  a  right  to  amend  the 
amendment,  and  that  the  amended  amendment  goes  out  for  letter-ballot. 
That  was  the  intention  of  it,  and  I  believe  that  this  meeting  has  as 
good  a  right  to  say  whether  that  is  the  meaning  of  it  as  the  Board  of 
Direction  has. 

Mr.  J.  P.  Davis, — If  I  understand  the  gentleman,  he  says  that  the 
original  amendment  should  be  sent  out  as  amended  instead  of  with  the 
amendments.  He  says  the  Board  of  Direction  must  be  instructed  in  that 
way.  It  is  not  a  question  whether  we  can  be  instructed  or  not  ;  we  are 
the  executive  officers  of  the  Society,  and  are  obliged  to  construe  the 
Constitution  ourselves.  We  cannot  be  instructed.  I  say  the  Board 
cannot  be  instructed  as  to  how  these  amendments  shall  be  sent  out.  We 
are  to  construe  the  Constitution  ourselves.  We  are  executive  officers  of 
the  Society. 

Prof.  De  Volson  Wood. — What  is  the  question  before  the  house,  Mr. 
Chairman  ? 
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Mr.  BoLLER. — I  offered  a  resolution  that  only  the  amendment  as 
recommended  by  this  annual  meeting  should  be  recommended  for  bal- 
loting. 

The  Chair. — The  motion  was  made  by  Mr.  Boiler  on  the  request  of 
the  Secretary  to  receive  instructions  in  regard  to  how  he  ought  to  send 
out  this  motion,  and  his  motion  was  that  only  the  proposed  amendment 
as  amended  be  sent  out. 

The  Secretary. —Pardon  me,  Mr.  President ;  I  did  not  request  Mr. 
Boiler  to  do  so  at  all. 

The  Chair. — In  my  opinion,  it  seems  to  me  that  the  Society  here 
have  a  right  to  construe  this  case,  where,  I  suppose,  the  amendment  as 
amended  was  almost  identical  with  the  original  amendment — so  near  as 
not  to  require  the  sending  out  of  both.  That  was  the  only  point  at 
issue,  which  Mr.  Boiler  attempted  to  cover  by  his  amendment  or  resolu- 
tion. 

Mr.  Cooper.— Mr.  Davis  took  the  ground  that  the  Board  could  not  be 
instructed  as  to  their  interpretation  of  the  Constitution.  I  think  he  is 
perfectly  correct.  All  that  we  can  do  is  to  discuss  it  and  make  them 
change  their  mind.  They  are  the  executive  officers  of  the  Society,  j 
really  think  we  can  take  no  action  in  the  Society, 

Mr.  BoLLER. — My  attention  has  been  called  to  a  serious  omission — 
that  we  passed  an  amendment  to  the  amendment  as  proposed.  Now  we 
have  got  to  pass  the  amendment  as  amended. 

The  Secretary.— Oh,  no.  This  meeting,  if  it  chooses,  can  amend 
a  proposed  amendment  to  the  Constitution,  and  it  can  recommend  any- 
thing it  chooses  to  the  Society  for  adoption.  We  cannot  adopt  the 
amendment.  It  must  be  adopted  by  letter-ballot.  The  Society  votes 
on  this  by  letter-ballot  by  and  by.  There  is  no  question  of  the  adoption 
of  an  amendment  here.  This  meeting  has  already  amended  that  pro- 
posed amendment.  The  report  of  the  committee  was  accepted  ;  then,  on 
motion,  the  proposed  amendment  to  the  Constitution  was  amended  as 
recommended  by  the  committee.  Then,  on  motion,  it  was  recommended 
to  the  Society  that  that  amended  amendment  as  proposed  by  the  com- 
mittee should  be  recommended  to  the  Society  for  adoption.  We  cannot 
adopt  anything  here. 

Mr.  MicHAEiiis. — I  think  if  the  matter  becomes  clear  to  me,  as  I  per- 
haps have  an  average  understanding,  it  may  be  clear  to  others.  I  under- 
stand the  point  of  the  Secretary — that  we  simply  give  the  weight  of  our 
approval.  Now,  if  you  answer  this  question,  I  think  I  will  understand 
it.  Have  I  the  right,  as  a  member  of  this  Society,  who  proposes  an 
amendment  to  the  Constitution  in  accordance  with  its  provisions,  have  I 
the  individual  right  to  demand  an  expression  of  the  Society  upon  my 
proposed  amendment  ?  If  I  have  got  that  right,  no  meeting  of  the  Society 
can  take  it  away. 

The  Secretary. — That  is  an  interesting  question  of  interpretation  of 
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the  Constitution  ;  it  has  been  interpreted  in  one  way  by  the  Board  of  Di- 
rection, and  by  a  great  many  members  in  another  way.  This  meeting, 
however,  has  just  passed  a  recommendation  to  the  Society  to  adopt  the 
newly  proposed  Article  XXXIIL,  which  will  make  it  impossible  for  you 
to  have  that  right,  and  I  think  you  voted  for  it. 

Mr.  MiCHAELis. — That  is  a  good  answer  ;  I  shall  vote  for  the  resolu- 
tion now. 

Mr.  J.  P.  Davis.— I  think  Mr.  Michaelis  did  not  understand  Mr. 
Bogart's  statement.  I  should  like  to  ask,  however,  whilst  I  am  up,  sup- 
posing somebody  was  requested  to  write  a  law  in  the  Constitution  which 
did  require  us  to  put  forth  the  original  amendment  and  the  amendments 
proposed  here,  how  would  they  write  it  any  differently  from  the  law  we 
have  in  our  Constitution  ?  It  says  that  the  original  amendment  as  pro- 
posed shall  be  sent  out,  and  with  such  amendments  thereto  as  may  have 
been  approved  by  a  majority  vote  of  the  annual  meeting.  I  would  Hke 
to  know  how  any  one  would  write  it  any  differently  ? 

The  Chaib. — The  question,  of  course,  is  one  that  involves  some  diffi- 
culties, as  you  can  at  once  see.  And  although  it  was  settled  in  this  way 
by  the  Board  of  Direction,  still,  as  a  member  of  the  Board,  I  believe  I 
was  on  the  other  side  of  that  question.  That  accounts  for  my  position 
before  you.  I  must  say  that  I  relied  somewhat  on  the  fact  that  the 
change  is  so  very  slight  that  the  Society  had  a  right  to  decide  what  should 
be  sent  out.  That  is  the  view  that  I  had  taken  of  it.  And  I  have  not 
thought  of  the  subject  very  fully  until  this  point  came  up.  In  looking 
over  the  amendment  as  adopted,  I  see  that  if  the  parties  offering  the  first 
amendment  found  this  unacceptable  to  them,  they  would  have  reason  to 
find  fault ;  but  I  had  no  idea  that  such  could  be  the  case. 

Mr.  Macdonald.  —I  think  if  Mr.  Boiler's  resolution  is  worded  so  as 
to  request  the  Board  of  Direction  to  issue  only  the  amended  amendment 
it  will  cover  the  whole  point. 

Mr.  BoiiLEK. — I  will  accept  that. 

The  Chaik.— Mr.  Boiler's  motion,  in  the  form  he  puts  it  now,  re- 
quests the  Board  of  Direction  to  send  this  amended  amendment  out. 

Mr.  J.  P.  Davis.— I  think  it  is  simply  embarrassing  the  Board  of  Di- 
rection. I  think  it  is  hardly  fair  to  embarrass  the  Board  of  Direction. 
We  have  the  Constitution,  and  by  that  we  have  got  to  go.  And  the  Board 
of  Direction  have  got  to  interpret  it.  It  would  be  very  embarrassing  to 
go  against  any  request  of  this  Society.  It  is  simply  embarrassing  the 
Board  of  Direction. 

Mr.  Michaelis.— I  think  I  have  a  solution  to  the  problem.  I 
would  suggest  that  the  Constitution  be  complied  with  ;  and,  upon 
mature  reflection,  I  think  the  Director  who  has  last  spoken  is  right. 
But  I  think  it  is  perfectly  proper,  when  these  various  amendments  are 
issued,  that  the  points  mentioned  by  Mr.  Shinn  be  distinctly  stated,  and 
that  the  danger  of  this  division  be  pointed  out,  and  it  be  left  to   the 
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good  sense  of  members  to  put  their  vote  where  it  will  do  the  most 
good. 

Mr.  BoTiLEK. — I  withdraw  my  motion. 

Mr.  J.  P.  Davis.  — Prof.  Wood  ofiered  a  resolution,  which  was  second- 
ed, when  this  resolution  arose,  and  his  resolution  was  not  considered.  I 
call  on  Prof.  Wood  to  read  his  resolution  again. 

Mr.  Egleston. — I  would  like  to  make  another  point — that  the  whole 
discussion  is  irregular,  because  Mr .  Shinn's  paper  was  in  order,  and, 
therefore,  whenever  this  discussion  ceases,  discussion  on  Mr.  Shinn's 
paper  is  in  order. 

The  Chair. — That  is  proper.  We  will  return  to  the  discussion  of  Mr. 
Shinn's  paper. 

The  discussion  of  the  paper  by  Mr.  William  P.  Shinn  on  the  "In- 
creased Efficiency  of  Bail  ways  for  the  Transportation  of  Freight,"  was 
then  resumed. 

Discussion  was  presented  by  letter,  through  the  Secretary,  from 
Messrs.  Charles  Paine,  E.  P.  Vining  and  Joseph  S.  Paxson. 

The  discussion  was  continued  verbally  by  Messrs.  Sanderson  and 
Robert  L.  Harris. 

At  5 :30  p.  M.  a  recess  was  taken  to  8  p.  m. 

The  session  of  the  Annual  Meeting  was  resumed  at  8  p.  m  . ,  Vice- 
President  Paine  in  the  chair  ;  John  Bogart,  Secretary. 

The  discussion  of  the  paper  by  Mr.  William  P.  Shinn  on  "  The  In- 
creased Efficiency  of  Railways  for  the  Transportation  of  Freight,"  was 
continued  by  Messrs.  R.  L.  Harris,  Coryell,  Emery,  Chanute,  Charles 
H.  Fisher,  Bissell,  Forney,  Cooper  and  Shinn. 

The  Secretary  announced  the  receipt,  since  the  last  meeting  of  the 
Society,  of  notification  of  the  death  of  Messrs  .— 

Edgar  S.  Cary.  Elected  Member  November  1st,  1882.  Died  January 
5th,  1883. 

Theodore  G.  Ellis.  Past  Vice-President  and  Fellow  of  the  Society. 
Elected  Member  February  17th,  1869  ;  Fellow,  November  21st,  1872. 
Died  January  9th,  1883. 

William  R.  Morley.  Elected  Member  September  6th,  1882.  Died 
January  3d,  1883. 

The  Annual  Meeting  then  adjourned. 

The  Members  of  the  Society  present  at  the  Annual  Meeting  were  : 
A.  V.  Abbott,  Wm.  M.  Allaire,  E.  R.  Andrews,  W.  H.  Atwood,  John 
Avery,  John  W.  Bacon,  George  S.  Baxter,  Van  Brunt  Bergen,  Charles 
E.  Billin,  George  H.  Bishop,  H.  Bissell,  W.  H.  Bixby,  H.  D.  Blunden, 
John  Bogart,  A.  P.  Boiler,  H.  R.  Bradbury,  Thomas  E.  Brown,  Jr.,  L. 
L.  Buck,  Wm.  H.  Burr,  Frank  A.  Calkins,  O.  Chanute,  Jacob  M.  Clark, 
Thomas  M,  Cleemann,  F.  Collin gwood,  C.  Constable,  Theodore  Cooper, 
Martin  Coryell,  J.  James  R.  Croes,  Horace  Crosby,    Wilson  Crosby,  J. 
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Foster  Crowell,  W.  R.  Curtis,  Charles  G.  Darrach,  Joseph  P.  Davis,  P. 
P.  Dickinson,  C.  Wheeler  Durham,  Thomas  Egleston,  Theo.  N.  Ely, 
Charles  E.  Emery,  John  W.  Ferguson,  Albert  Fink,  Charles  H.  Fisher, 
Clark  Fisher,  M.  N.  Forney,  George  H.  Frost,  C.  C.  Oilman,  E.  E. 
Glaskin,  Charles  E.  Goad,  John  M.  Goodwin,  Samuel  M.  Gray,  David 
M.  Greene,  George  S.  Greene,  George  S.  Greene,  Jr. ,  Stephen  S.  Haight, 
William  G.  Hamilton,  Robert  L.  Harris,  Charles  H.  Haswell,  Rudolph 
Hering,  William  P.  Judson,  J.  M.  Knap,  E.  D.  Leavitt,  Jr.,  G.  Leverich, 
John  Lockwood,  Thomas  J.  Long,  Charles  Macdonald,  Wm.  W.  Maclay, 
Arthur  Macy,  Edward  Marsland,  C.  C.  Martin,  C.  S.  Maurice,  D.  E. 
McComb,  T.  H.  McKenzie,  George  W.  McNulty,  F.  W.  Merz,  O.  E. 
MichaeHs,  W.  A.  Nichols,  Edward  P.  North,  F.  O.  Norton,  Ellis  B. 
Noyes,  S.  B.  Opdyke,  Jr.,  Joseph  O.  Osgood,  James  Owen,  A.  B.  Paine, 
Charles  Paine,  William  H.  Paine,  Francis  I.  Palmer,  John  A.  Partridge, 
Edward  S.  Philbrick,  James  C.  Post,  Benjamin  Rhodes,  Edward  S.  Saf- 
ford,  J.  Gardner  Sanderson,  William  H .  Searles,  William  P.  Shinn,  S. 
H.  Shreve,  T.  E.  Sickels,  R.  P.  Staats,  D.  McN.  Stauflfer,  Cook  Talcott, 
R.  H.  Thurston,  M.  M.  Tidd,  Stevenson  Towle,  Robert  Van  Buren, 
John  G.  Van  Home,  E.  B.  Van  Winkle,  W.  W.  Walker,  C.  D.  Ward,  L. 
B.  Ward,  Nelson  J.  Welton,  Frank  W.  Whitlock,  Thomas  J.  Whitman, 
Wm.  H.  Wiley,  W.  W.  Wilson,  De  Volson  Wood  and  William  E. 
Worthen. 

The  members  of  the  Society  on  Thursday  morning  met  as  arranged 
in  the  programme  given  below,  which  was  carried  out  in  all  its  details. 
The  reception  at  the  house  of  the  Society  on  Thursday  evening  was 
largely  attended  and  was  a  very  agreeable  social  event. 

AMERICAN    SOCIETY   OF    CIVIL    ENGINEERS. 

Annual  Meeting,  January  17th  and  18th,  1883. 

Progeamme. 

Wednesday,  January  17th.— The  Annual  Meeting  will  be  held  at  the 
House  of  the  Society,  beginning  at  10  a.  m. 

The  day  will  be  devoted  to  business  and  professional  discussions,  a» 
follows  : 

Canvass  of  ballots  and  announcement  of  Election  of  Officers  of  the 
Society.  Presentation  of  the  Annual  Reports  of  the  Board  of  Direction, 
of  the  Treasurer  and  of  the  Finance  Committee.  Report  of  the  Commit- 
tee on  a  Uniform  System  for  Tests  of  Cements  ;  of  the  Committee  on  the 
Preservation  of  Timber  ;  of  the  Committee  on  Uniform  Standard  Time. 
Discussion  of  the  subjects  presented  by  the  Reports  of  the  Board  of 
Direction  and  of  Committees.  Award  of  the  Norman  Medal  for  the  past 
year.     Determination  of  Place  and  Time  for  next  Convention.     Discus- 
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fiion  of  proposed  Amendments  to  the  Constitution  which  have  been  pre- 
viously submitted.  General  Business.  Discussion  of  technical  subjects. 
The  paper  recently  read  before  the  Society  by  Mr.  William  P.  Shinn,  M. 
Am.  Soc.  C.  E.,  on  the  Increased  Efficiency  of  Railways  for  the  Trans- 
portation of  Freight,  will,  by  resolution  of  the  Society,  be  in  order  for 
discussion. 

It  is  expected  that  business  may  occupy  the  morning  session,  and 
that  discussion  on  Mr.  Shinn's  paper,  and  other  technical  questions, 
will  begin  at  the  afternoon  session. 

Lunch  will  be  served  at  the  Society  house  at  1  p.  M„  After  lunch,  the 
session  will  be  resumed  at  2.30  p.m.,  and  if  found  desirable,  an  evening 
session  will  also  be  held. 

Thuksday,  January  18th. — 9  a.m. — Meet  at  Society  House,  127  East 
23d  Street.  9.30  a.m. — Elevated  Eailroad  to  Battery.  10  a.m. — Proceed 
foot  of  Whitehall  Street  to  Erie  Basin,  by  Navy  Yard  tug,  kindly  tendered 
for  use  of  the  Society  by  Commodore  J.  H.  Upshur,  commanding  Navy 
Yard,  New  York.  10.30  a.m.  —Inspection  of  the  Dry  Docks  at  Erie 
Basin.  There  are  two  of  these  docks.  They  are  understood  to  be  the 
largest  in  the  country.  The  steamer  City  of  Berlin,  526  feet  in  length, 
5  491  tons,  is  now  in  one  of  these  docks.  The  docks  will  be  inspected 
under  the  guidance  of  Messrs .  J.  E.  Simpson  &  Co. ,  the  builders,  and 
of  Messrs.  M.  M.  Tidd  and  F.  C.  Prindle,  Members  Am.  Soc.  C.  E. 
11.30  a.m. — Proceed  by  tug  to  Brooklyn  wharf  of  the  New  York  and 
Brooklyn  Bridge.  12  noon. — Examination  of  New  York  and  Brooklyn 
Bridge.  Provision  has  been  made  for  the  party  to  pass  over  the  footway, 
which  is  nearly  completed.  The  inspection  of  the  works  of  the  bridge 
will  be  in  charge  of  the  Engineers  connected  with  their  construction. 
1.30  p.m. — Lunch  at Delmonico's,  Beaver  Street,  by  invitation  of  Wm.  G. 
Hamilton,  Esq.,  Director  Am.  Soc.  C.  E.  2.30  p.m. — Visit  to  the  Mills 
Building,  Wall  and  Broad  Streets.  This  visit  is  by  invitation  of  D.  O . 
Mills,  Esq. ,  the  owner,  and  George  B.Post. ,  Esq. ,  the  architect  of  the  build- 
ing, who  will  kindly  conduct  the  party  on  this  occasion.  3.30  p.m. — In- 
spection of  the  works  of  the  New  York  Steam  Company,  174  Green- 
wich Street,  near  Cortland  Street.  This  inspection  will  be  made  under 
the  guidance  of  Messrs.  William  P.  Shinn  and  Charles  E.  Emery,  Mem- 
bers Am.  Soc.  C.  E.     8  p.m.— Reception. 
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Vol.    IX.— February.  1883. 
EEPORT  OF   THE  BOARD  OF  DIRECTIOlSl 

For  the  Year  ending  December  Slstj  1882. 

Presented  and  accepted  at  the  Annual  Meeting,  January  17th,  1883. 


The  Board  of  Direction,  in  compliance  with  the  provisions  of  the  So- 
ciety law,  presents  the  following  report  for  the  year  ending  December 
31st,  1882  : 

As  shown  by  the  tabular  statement  given  hereinafter,  there  have  been 
during  the  year  80  additions  to  the  various  classes  of  Society  member- 
ship, and  19  additional  subscriptions  to  the  Building  Fund,  4  of  the 
latter  being  from  persons  not  otherwise  connected  with  the  Society. 

The  various  classes  of  membership  have  lost  during  the  year  12 
by  death,  3  by  resignation,  and  3  by  transfers  to  other  classes, 
making  the  net  increase  for  the  year  66. 

The  Society  membership  at  this  date,  December  31st,  1882,  is  as  fol- 
lows : 
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2     Non-resident , 


Honorary  members,  resident . . . 

Corresponding  members 

Members,  resident  129 

Associates,       "       11 

Juniors,  "       10 


Making,  resident 152     Non-resident 

Total 


8     Total...   10 


..  3 
..436 
..   19 

..  48 

...514 


...     3 
565 

30 

58 
653 

666 


Pellows,  63,  of  whom  9  members  and  1  honorary  member  are 
included  above,  leaving 53 

Total  members  and  Fellows  of  the  Society 719 

Subscribers  to  the  Building  Fund,  128,  of  whom  87  are  entered  in 
one  or  other  of  the  above  classifications,  and  4  deceased, 
leaving 37 

Total  connected  with  the  Society  January  1st,  1883 756 

Tables  showing  the  membership  at  the  beginning  of  the  year,  and 
the  changes  in  the  various  classes,  are  given  in  a  subsequent  part  of  this 
report. 

The  increase  in  the  membership  of  the  Society  is  steady  and  health- 
ful ;  the  standard  of  qu^-lification  continues  to  be  applied  as  heretofore  ; 
the  interest  in  the  Society  by  its  members  is  constantly  increasing.  This 
is  manifest  in  many  ways,  as,  for  instance,  in  the  constantly  increasing 
number  of  letters  received  from  members.  The  labor  devolving  upon 
the  management  increases  much  more  largely  than  is  indicated  merely 
by  the  increase  in  number  of  the  membership.  The  addressed  com- 
munications, circulars,  papers,  pamphlets,  ballots,  and  letters  on  various 
subjects  issued  by  the  Secretary  during  the  past  year  number  over 
44  500. 

The  annual  Convention  of  the  Society  for  the  past  year  was  held  at 
Washington,  D.  C,  May  16th — 19th,  1882,  and  was  attended  by  over 
100  members. 

The  proceedings  of  the  Convention  have  been  fully  published  in  the 
Society  proceedings.  The  interest  of  members  in  the  Conventions  con- 
linues  sustained,  and  the  increasing  importance  of  these  annual  oppor- 
tunities for  the  meeting  of  so  many  engineers  is  very  evident.  The 
determination  of  the  time  and  place  for  the  next  Convention  will  be  made 
by  the  Society  at  this  meeting.  Numerous  suggestions  upon  this  point 
have  been  received  from  members  in  answer  to  the  circular  recently  is- 
sued by  the  Secretary,  which  suggestions  will  be  directly  laid  before 
you. 


45 

The  Building  Fund  of  tlie  Society  lias  been  increased  during  the  year 
by  19  subscriptions,  amounting  to  ^2  645. 

The  mortgage  upon  the  house  of  the  Society  has  been  reduced  to 
$16  000. 

The  relief  which  is  felt  in  the  management  of  Society  affairs  by  the 
ownership  of  the  Society  house,  and  by  the  reduction  of  the  annual 
charge  for  rental  or  mortgage  interest,  is  very  great.  The  Board  earnestly 
repeats  the  appeal  heretofore  made  for  the  increase  of  tlie  Building  Fund 
by  subscriptions  from  members  or  from  other  persons  feeling  an  interest 
in  the  permanent  welfare  of  the  Society. 

It  is  quite  certain  that  the  presentation  of  the  subject  would  induce 
subscriptions  from  persons  interested  in  public  improvements  or  in  the 
progress  of  engineering,  many  of  whom  would  be  glad  to  regularly  re- 
ceive the  Transactions  of  the  Society.  Tliese  Transactions  are  sent  for 
the  life  of  the  subscriber  for  each  subscription  of  $^100.  When  the  fund 
was  inaugurated  19  subscriptions  from  non-members  were  secured  by 
the  exertions  of  one  member  of  the  Society.  The  whole  number  of  sub- 
scriptions from  non-members  is  now  37,  and  the  amount  of  these 
subscriptions  is  $4  865. 

Connected  with  the  Society  in  the  various  classes  of  membership  there 
are  now  719  persons,  87  of  whom  have  become  subscribers  to  the  Build- 
ing Fund,  and  632  have  not. 

The  Transactions  and  Proceedings  of  the  Society  have,  it  is  believed, 
been  maintained  with  the  high  standard  heretofore  characterizing  the 
papers  published. 

The  Board  of  Direction  desires  particularly  to  impress  upon  the 
members  that  the  continuance  of  the  value  of  this  part  of  the  Society 
work  must  depend  almost  entirely  upon  the  interest  felt  by  members  in 
the  subject,  which  interest  can  be  best  shown  by  the  contribution  to  the 
Transactions  of  papers  giving  the  record  of  engineering  work  and  experi- 
ence, and  of  discussions  upon  professional  topics. 

It  is  earnestly  hoped  that  the  members  of  this  Society  will  recollect 
that  it  is  only  by  their  assistance  that  these  Transactions  can  be  main- 
tained. As  the  membership  increases  an  increased  amount  of  printing 
can  be  afforded,  but  the  material  for  this  must  come  from  engineers  who 
are  in  charge  of,  or  connected  with,  the  public  works  which  it  is  desira- 
ble to  describe. 

At  the  last  annual  meeting,  and  at  the  Convention,  reports  were  pre- 
sented from  the  Committee  on  Standard  Time,  showing  that  great  inter- 
est is  felt  in  this  country  upon  the  subject,  and  that  replies  to  the  circu- 
lar of  the  committee  had  been  received  from  numerous  sources.  The 
committee  will,  at  this  meeting,  present  a  report  of  progress,  with  addi- 
tional recommendations. 

The  subject  of  compounding  annual  dues  by  the  payment  of  a  single 
sum,  and  the  creation   thereby  of  life   membership  in  the  Society,  was 
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discussed  at  the  last  annual  meeting.  The  amendment  to  the  Constitu- 
tion, then  considered,  was  not  carried  by  the  vote  of  the  Society,  but 
the  subject  was  afterwards  referred  to  the  Board  of  Direction,  with  a  re- 
quest that  a  plan  should  be  presented  by  that  Board  foi*  this  purpose. 
This  has  been  done,  and  the  proposed  plan  is  embodied  in  an  amend- 
ment to  the  Constitution,  which  has  been  issued  to  the  Society,  and 
which  will  be  in  order  for  discussion  at  this  meeting. 

The  Fellowship  Fund  of  the  Society  has  had  no  increase  during  the 
year.  This  fund  was  originally  instituted  to  secure  a  capital,  the  in- 
come of  which  should  be  devoted  to  the  publication  of  the  papers  of  the 
Society.  There  have  been  very  few  accessions  to  the  fund  for  a  number 
of  years.  It  is  believed,  however,  that  if  the  conditions  were  more  gen- 
erally understood  under  which  fellowship  of  the  Society  may  be  obtained 
by  suitable  persons,  there  would  soon  result  a  decided  addition  to  the 
number.  Fellows  need  not  be  engineers.  The  provisions  of  the  Society 
law  admit  to  this  class  any  persons,  whether  members  or  not,  who  are 
suitably  recommended,  and  who  feel  sufficient  interest  in  the  objects  of 
the  Society  and  in  its  publications  to  become  Fellows,  contributing  for 
that  purpose  the  small  amount  of  the  fellowship  subscription  and 
thereby  becoming  connected  with  the  Society  for  life.  Members  are  re- 
minded that  it  is  probable  that  the  presentation  of  this  subject  to  suit- 
able persons  of  their  acquaintance  might  result  in  a  considerable  addition 
to  this  class,  and  that  there  is  very  little  doubt  that  many  persons,  not 
eligible  as  members,  would  be  glad  to  thus  secure  the  publications  of 
the  Society. 

At  the  last  annual  meeting  the  Board  of  Direction  presented  a  report 
upon  the  subject  of  Tests  of  Structural  Materials,  embracing  with  it  the 
report  of  a  committee  appointed  on  that  subject  at  the  previous  Conven- 
tion of  June,  1881.  At  the  annual  meeting,  the  Board  of  Direction  was 
authorized  to  memorialize  Congress,  and  to  promote,  as  far  as  it  could  be 
done  without  incurring  expense,  the  introduction  and  framing  of  a  law 
adequate  to  resume  the  investigation  into  the  strength  of  structures  and 
the  parts  and  materials  of  which  they  are  composed. 

In  accordance  with  this  resolution,  a  bill  was  prepared  and  presented 
to  Congress  on  the  subject,  and  a  memorial,  properly  signed,  was  also 
presented.  This  was  done  by  the  Board  of  Direction  after  discussion 
with  members  of  this  Society  and  of  other  kindred  organizations.  The 
subject  was  discussed  at  the  Convention  at  Washington,  when  the  bill 
which  had  been  presented  to  Congress  was  reported  to  the  Society. 

Members  of  the  Board  of  Direction,  aided  by  other  members  of 
the  Society,  visited  Washington  at  various  times,  and  used  their 
endeavors  to  effect  a  successful  result.  The  bill,  however,  did  not  pass 
Congress. 

There  was  introduced  in  the  Army  Appropriation  Bill,  passed  June 
30th,  1882,  the  following  clause  : 
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'*  For  caring  for,  preserving,  using  and  operating  the  United  States 
* '  testing  machine  at  the  Watertown  Arsenal,  ten  thousand  dollars  : 

'*  Provided,  That  the  tests  of  iron  and  steel,  and  other  materials 
"  for  industrial  purposes,  shall  be  continued  during  the  next  fiscal 
*'  year,  and  report  thereof  shall  be  made  to  Congress.  And  provided 
^'further,  That  in  making  tests  for  private  citizens,  the  officer  in 
' '  charge  may  require  payment  in  advance,  and  may  use  the  funds  so 
"  received  in  making  such  private  tests,  making  full  report  thereof  to 
"  th^  Chief  of  Ordnance  ;  and  the  Chief  of  Ordnance  shall  give  atten- 
' '  tion  to  such  programme  of  tests  as  may  be  submitted  by  the  American 
"  Society  of  Civil  Engineers,  and  the  record  of  such  tests  shall  be  fur- 
*'  nished  said  Society,  to  be  by  them  published  at  their  own  expense." 

The  subject  having  been  referred  to  the  Board  of  Direction,  letters 
were  sent  to  many  persons  interested  in  the  investigation,  the  produc- 
tion and  use  of  structural  materials,  and  a  number  of  replies  were 
received.  These  replies  were  carefully  collated  and  referred  to  a  com- 
mittee of  the  Board.  The  late  President  of  the  Society,  Mr.  Ashbel 
Welch,  was  the  chairman  of  the  committee  in  charge  of  this  subject,  and 
he  took  a  deep  interest  in  its  successful  accomplishment. 

After  his  decease  the  Board  of  Direction  requested  and  received  the 
advice  and  co-operation  of  a  number  of  gentlemen,  members  of  this  So- 
ciety, of  the  American  Institute  of  Mining  Engineers  and  of  the  Ameri- 
can Society  of  Mechanical  Engineers.  Basing  their  action  upon  the 
communications  received  from  the  various  sources  referred  to  above,  a 
programme  was  prepared  by  the  Board  of  Direction,  in  consultation 
with  these  gentlemen,  with  a  view  of  securing  the  largest  immediate  re- 
sults with  the  small  amount  appropriated.  This  programme  was  pre- 
sented by  Vice-President  William  H.  Paine  to  the  Chief  of  Ordnance, 
and  it  is  proposed  by  that  officer  to  issue  circulars  upon  the  subject, 
copies  of  which  will  be  printed  in  the  Proceedings  of  the  Society  as  soon 
as  furnished. 

The  publication  of  the  records  of  the  tests  to  be  made  has  been 
entrusted  by  law  to  this  Society.  It  is  the  purpose  of  the  Board  of  Di- 
rection to  arrange  the  publication  of  these  records,  as  they  may  be  re- 
ceived from  time  to  time,  in  such  a  way  as  to  insure  a  full  circulation  of 
them  among  all  who  may  be  interested. 

The  Standing  Committee  on  the  Preservation  of  Timber  presented  an 
interesting  report  of  progress  at  the  Washington  Convention.  This 
report  has  been  printed  in  the  Transactions  of  the  Society,  and  it  is 
expected  that  the  committee  will  at  this  meeting  report  further 
progress. 

The  Norman  Medal  for  1881  was  awarded  to  Paper  No.  CCXXIII., 
upon  the  Reinforcement  of  the  Anchorage  and  Renewal  of  the  Sus- 
pended Structure  of  the  Niagara  Railroad  Suspension  Bridge.  The 
author  is  Mr.  L.  L.  Buck,  M.  Am.  Soc.  C.  E. 
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The  Board  of  Censors  to  award  the  Norman  Medal  for  the  past  year 
will  make  a  report  at  this  meeting. 

In  June,  1882,  an  ordinance  was  received  by  the  Board  of  Direc- 
tion, which  had  been  passed  by  the  Councils  and  approved  by  the 
Mayor  of  the  City  of  Philadelphia,  requesting  this  Society,  conjointly 
with  the  Franklin  Institute  of  Philadelphia,  to  nominate  to  the  Mayor  of 
that  city  the  names  of  nine  engineers.  From  these  the  Mayor  was 
requested  to  select  three,  to  act  in  conjunction  with  the  Chief  Engineer 
of  the  Water  Department  of  Philadelphia  as  a  Board  of  Experts  in 
reference  to  the  water  supply  of  that  city. 

The  Board  of  Direction  thereupon  consulted  the  Society  upon  the 
subject,  requesting  an  expression  of  opinion  upon  the  following  ques- 
tion : 

**  Do  you  consider  it  expedient  and  advisable  that  the  Board  of  Di- 
rection of  the  American  Society  of  Civil  Engineers  should  comply  with 
requests  to  nominate  engineers  from  whom  may  be  selected  members  of 
advisory  professional  boards  ?" 

The  vote  upon  this  question  showing  a  large  majority  in  the  affirma- 
tive, the  Board  of  Direction,  after  considerable  correspondence,  did  nomi- 
nate, conjointly  with  the  Franklin  Institute,  the  names  of  nine  engineers. 
This  action  was  not,  however,  perfected  until  October  18th,  1882. 

It  having  been  found  that  there  was  great  confusion  in  the  method  of 
designating  members  of  the  Society  as  such,  the  Board  of  Direction  has 
issued  the  following  recommendation  : 


AMERICAN  SOCIETY   OF   CIVIL  ENGINEERS. 

Abbreviations  for  Designating  Membership. 

The  Board  of  Direction  has  declared  the  following  as  the  authorized 
abbreviations  to  be  used  by  Members  of  the  Society  having  occasion  to 
designate  themselves  as  such  : 

For  Honorary  Members Hon.  M.  Am.  Soc.  C.  E. 

For  Members M.  Am.  Soc.  C.  E. 

For  Associates Assoc.  Am.  Soc.  C.  E. 

For  Juniors Jun.  Am.  Soc.  C.  E. 

For  Fellows F.  Am.  Soc.  C.  E. 

The  Board  requests  the  use  of  the  above  forms  in  all  cases. 

John  Bogart, 

Secretary  Am.  Soc,  C.  E. 
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The  following  tables  show  the  changes  and  additions  dnring  the  year 
in  the  various  classes  of  Society  membership  : 

On  January  1st,  1882,  the  date  of  the  last  report,  the   membership 
in  the  Society  was  : 

Honorary  members,  resident. ..  .     3  Non-resident....     8  Total...   11 

Corresponding  members "           ....     3  "...     3 

Members,  resident 119                "           394  "    513 

Associates,       "       9                "           15  "      24 

Juniors,            "       8               "           46  "     54 

591 

Making,  resident 139  Non-resident. . .  .466                  

Total 605 


Fellows,  63,  of  whom  10  members  and   1  honorary  member  are  in- 
cluded above,  leaving 52 

Total  members  and  Fellows 657 


Subscribers  to  the  Building  Fund,  110,  of  whom  77  are  entered  in  one 

or  other  of  the  above  classifications,  leaving 33 

Total  connected  with  the  Society  January  1st,  1882 690 

At  the  present  date,  January  1st,  1883,  the  membership  is  : 

Honorary  members,  resident. ...     2  Non-resident. ...     8     Total. .  .  10' 

Corresponding  members " 

Members,  resident 129  " 

Associates,       **       11  " 

Juniors,  "       10 

Making,  resident 152     Non-resident.  .  .  .514  

Total. 666 

Fellows,  63,  of  whom  9  members  and  1  honorary  member  are  in- 
cluded above,  leaving 53 

Total  members  and  Fellows 719 


Subscribers  to  the  Building  Fund,  128,  of  whom  87  are  entered  in 

one  or  other  of  the  above  classifications  and  4  deceased,  leaving.     37 

Total  connected  with  the  Society  January  1st,   1883 756 
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The  additions  during  the  past  year  to  the  several  classes  of  Society 
membership  have  been  : 

Members  qualified '63 

Former  members  restored 1 

Associates  qualified 6 

Juniors  qualified 10 

Total  additions  to  the  several  classes  of  membership 80 

Subscribers  to  Building  Fund  not  otherwise    connected  with   the 
Society 4 

Total  additions 84 

The  decrease  during  the  year  in  the  several  classes  of  membership  has 
been  : 

Honorary  members .  Died    1 1 

Members "     10 ..  Resigned  4* 14 

Juniors "       1 . .       ♦'         0  Transferred  to  member  3      4 

Totals Deaths  12,  Resignations  4,  Transfers 3     19 

*1  Resigned  membership  but  continues  a  Fellow 1 

18 

There  has  thus  been  an  addition  of  84  to  the  various  classes  of  mem- 
bership and  subscribers  to  the  Building  Fund,  and  a  loss  by  deaths,  resig- 
nations and  transfers  of  18,  making  the  actual  net  additions  during  the 
year  66  in  number. 

On  January  1st,  1882,  there  were,  as  stated  in  the  last  Annual  Report, 
16  proposals  pending;  79  proposals  have  been  received  during  the  year  ;  74 
candidates  have  been  elected  Members,  of  whom  3  were  transferred  from 
Juniors;  6  candidates  have  been  elected  Associates  ;  10  candidates  have 
been  elected  Juniors  ;  1  candidate  has  been  elected  a  Fellow. 

63  persons  have,  during  the  year,  qualified  as  Members  ;  6  have  quali- 
fied as  Associates  ;  10  have  qualified  as  Juniors  ;  7  candidates  elected 
during  the  year  as  Members  and  1  as  Fellow  have  not  yet  qualified  ; 
there  are  5  proposals  now  pending. 

Twenty-one  meetings  of  the  Society  were  held  during  the  year,  one 
of  which  was  the  Annual  Meeting,  held  in  New  York  January  18th  and 
19th,  and  the  other  the  Annual  Convention,  held  in  Washington,  D.  C. , 
May  16th  to  19th  ;  all  the  sessions  of  the  Convention,  including  the 
business  meeting,  being  counted  as  one  meeting  of  the  Society.  Meetings 
have  been  held  on  the  first  and  third  Wednesdays  of  each  month,  except 
that  there  were  no  meetings  in  August,  and  but  one  in  July. 

Eighteen  meetings  of  the  Board  of  Direction  have  been  held  during 
the  year. 

A  joint  meeting  of  this  Society,  the  American  Institute  of  Mining 
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Engineers  and  the  American  Society  of  Mechanical  Engineers  was  lield  in 
the  Theatre  of  the  Turf  Club,  November  1st,  1882,  in  memory  of  Alexander 
Lyman  Holley,  past  Vice-President  of  the  Society,  on  which  occasion  Dr. 
K.  W.  Raymond  delivered  an  address. 

The  Library  has  been  increased  during  the  year  by  the  following 
additions  : 

Number  of  books  bound 112 

"      unbound 98 

pamphlets 276 

maps  and  plans 18 

photographs 20 

drawings,  specifications,  models  and  specimens 52 

These  do  not  include  magazines  and  papers  contributed  to  the  Society 
by  publishers,  or  received  in  exchange  for  the  Transactions,  a  list  of 
which  is  given  in  an  appendix  to  this  report. 

The  present  state  of  the  Library  is  about  as  follows: 

Books  and  pamphlets 10,093 

Manuscripts 120 

Maps,  plans,  drawings,  charts,  photographs  and  engravings  ....  2,200 
Models  and  specimens 348 

Reports  made  during  the  year  have  been  as  follows: 

By  the  Board  of  Direction :  The  Annual  Report,  a  Report  on  the 
subject  of  Tests  of  Structural  Materials,  a  Report  on  the  subject  of 
Compounding  Dues  and  the  creation  of  Life  Membership. 

By  the  Finance  Committee:  Annual  Report  on  the  Finances  of  the 
Society;  Quarterly  Reports  to  the  Board  of  Direction. 

By  the  Library  Committee:  Regular  Monthly  Reports  on  the  Library 
and  on  Publications;  Report  on  Abbreviations  for  designating  Member- 
ship. 

By  the  Secretary:  Monthly  Reports  to  the  Board  of  Direction;  Occa- 
sional Reports  on  Current  Business. 

By  the  Treasurer:  The  Annual  Report  of  the  Treasurer;  Monthly 
Reports  to  the  Board  of  Direction. 

By  the  Committee  on  Gauging  of  Streams:  1  Report,  and  the  Com- 
mittee discharged. 

By  the  Committee  on  Uniform  System  for  Tests  of  Cement:  2  Re- 
ports. 

By  the  Committee  on  Preservation  of  Timber:  2  Reports. 

By  the  Committee  on  a  Uniform  System  of  Standard  Time:  2  Re- 
ports. 

By  the  Nominating  Committee :  1  Report. 

The  Treasurer's  Annual  Report,  the  Report  of  the  Finance  Commit- 
tee, and  Reports  from  the  Committees  on  a  Uniform  System  of  Tests  of 
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Cement;  on  the  Preservation  of  Timber;  on  Uniform  Standard  Time,  and 
on  the  Award  of  the  Norman  Medal,  will  be  submitted  at  this  meeting. 

The  proposed  Amendments  to  the  Constitution,  which  have  been  pre- 
sented since  the  last  Annual  Meeting,  have  been  printed  and  distributed 
to  members,  and  will  now  be  submitted  for  discussion. 

The  Society  has  lost  by  death,  during  the  term  covered  by  this  report, 
its  President,  Ashbel  Welch;  one  Honorary  Member,  Gen.  John  G. 
Barnard,  U.  S.  A.;  nine  members,  Messrs.  Alexander  L.  flolley,  Past 
Vice-President,  Moses  Lane,  Theodore  R.  Scowden,  Gen.  William  W. 
Wright,  Caleb  G.  Forshey,  Maj.  Charles  W.  Howell,  U.  S.  A.,  William 
B.  Hyde,  Robert  Briggs  and  Henrique  Harris  ;  and  one  Junior,  Mr.  Ira 
E.  Clark.  Appropriate  memoirs  of  these  deceased  members  have  been, 
or  will  be,  published  in  the  Proceedings.  The  Board,  however,  desires 
to  express  in  this  Report  its  sense  of  the  great  loss  the  Society,  the  pro- 
fession and  the  public  have  sustained  in  the  death  of  Mr.  Ashbel  Welch, 
late  President  of  the  American  Society  of  Civil  Engineers. 
Respectfully  submitted, 

JOHN  BOGART, 

Secretary. 
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REPORT    or    THE     TREASURER 

For  the  Year  ending  December  31st,  1882. 


Presented  at  the  Annual  Meeting,  January  Vlth,  1883. 


Receipts. 

Balance  on  hand  December  31st,  1882,  General  Fund $2,459  45 

Building  Fund 3,055  62 

Entrance  fees 2,240  00 

Current  Dues — For  year  ending  December  31st,  1882: 
From    70  Resident  Members 

' '     287  Non-resident  Members . . 

**         5  Resident  Associates. .... 

' '       12  Non-resident  Associates , 

*'         6  Resident  Juniors 

**       39  Non-resident  Juniors ... . 


Past  Dues — From    42  Resident  Members 

**      141  Non-resident  Members.. 

"  4  Resident  Associates 

**  6  Non-resident  Associates, 

**        17  Non-resident  Juniors.  .  . 


$1,737 

50 

4,041 

06 

75  00 

115 

00 

82  50 

380 

00 

$520  56 

859 

50 

63  00 

29 

96 

28 

23 

6,431  06 


1,501  25 

Dues  for  year  beginning  January  1st,  1883 : 

From    34  Resident  Members $850  00 

"     112  Non-resident  Members 1,647  75 

**         3  Resident  Associates 45  00 

*'         4  Non-resident  Associates 40  00 

*'       11  Non-resident  Juniors 110  00 

2,692  75 

Sales  of  Publications 400  33 

Certificates   of  Membership 131  00 

Advertisements 225  00 

Interest  on  Fellowship  Fund  Bonds $157  50 

*'       Savings  Bank  Deposit 50  94 

Norman  Medal  Fund  Bond 70  00 

"       Railroad  Stock 82  80 

361  24 


Subscriptions  to  Building  Fund 2,645  00 

$22,142  70 


Disbursements. 

Interest  on  Mortgage $905  00 

Taxes 495  00 

Publications 2,880  70 

Stationery  and  Printing 677  48 

Postage 712  11 

Library 917  85 

Salaries 3,000  00 

Convention  and  Annual  Meeting 409  52 

Janitor,  House  Supplies,  Fuel,  Water  and  Gas 1,192  16 

Certificates  of  Membership 66  85 

Insurance 62  50 

Norman  Medal 70  75 

Payments  from  Building  Fund 4,188  85 

Other  expenditures 302  11 

Transferred  to  Savings  Bank  Deposit 30  90 

On  hand.  Building  Fund 1,511  77 

On  hand.  General  Fund 4,719  15 


$22,142  70 


The  Funds  of  the  Society  are  as  follows : 
Fellowship  Fund: 

80  Subscriptions $8,150  00 

Premiums  and  Accumulated  Interest,  Decem- 
ber 31st,  1881 1,852  75 

Fund  on  hand,  December  31st,  1881 $10,002  75 

Interest  received  during  1882 208  44 


,211  19 

Expended  from  fund : 

For  Publications  during  1882 157  50 


$10,053  69 


The  present  investment  of  the  Fellowship  Fund 
is,  at  par  value : 

9  United  States  Government  Bonds $9,000  00 

Deposit  in  Seamen's  Bank  for  Savings 1,053  69 


$10,053  69 


Norman  Medal  Fund : 

1  Certificate  Croton  Aqueduct  Stock,  New  York  City. . . .    $1,000  00 


55 

General  Investment : 

10  Shares  New  York  Central  and  Hudson  River 

R.  K  Stock $1,000  00 

1  Consolidated  Certificate  New  York  Central 

and  Hudson  River  R.  R.  Stock 35  00 

Sl,035  00 

Building  Fund : 

Receipts  previous  to  Jan.  1st,  1882 $14,012  00 

during  1882 2,645  00 

Total  receipts  up  to  Jan.  1st,  1883 $16,657  00 

Expended : 

For  Legal  Services,  Circulars,  etc . .       $355  03 

For  Betterments  on  Property 790  20 

Payments  on  Purchase 14,000  00 

15,145  23 

On  hand  Dec.  31st,  1882 $1,511  77 

Respectfully  submitted, 

J.  JAMES  R.  CROES, 

Treasurer. 


REPORT  OF    THE  COMMITTEE  ON  FINANCE. 

Presented,  Read    and    Accepted  at  the  Annual  Meeting,  January 

17th,  1883. 

The  Committee  on  Finance  respectfully  report  that  they  have  audited 
all  of  the  bills  as  they  have  been  presented  during  the  past  year. 

At  the  close  of  the  year  they  examined  the  accounts  of  the  Treasurer, 
personally  inspecting  all  of  the  assets  and  liabilities  of  the  Society,  and 
certify  that  the  report  of  the  Treasurer  is  correct. 

W.  H.  Paine, 

Jos.  P.  Davis, 

Geo.   S.  Greene,  Jr., 

Committee  on  Finance. 
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LIST     OF    PUBLICATIONS     AND     PAPERS    RECEIVED    FOR 

LIBRARY. 

Appendix  to  Annual  Report  of  the  Board  of  Direction, 
January  17th,   1883. 

The  following  papers  are  contributed  to  the  Society,  or  are  received 
in  exchange  for  Transactions  : 

American  Architect  and  Building  News Weekly Boston. 

American  Engineer "      Chicago. 

American  Gas  Light  Journal Semi-Monthly . ,  New  York. 

American  Machinist Weekly " 

Annales  des  Travaux  Publics Monthly Paris. 

Army  and  Navy  Journal Weekly New  York. 

Builder ,   •«       London. 

Building  and  Engineering  News "      " 

Bulletin  American  Iron  and  Steel  Association Semi-Monthly.  .Philadelphia. 

Bulletin  du  Canal  Interoc6anique "  "        ..Paris. 

Commissioner  of  Patents'  Journal Semi- Weekly . .  .London. 

Deutsche  Bauzeitung Weekly Berlin. 

Engineer "       London. 

Engineering  (2  copies) "       " 

Engineering  and  Mining  Journal "      New  York, 

Engineering  News "       " 

Genie  Civil "       Paris. 

Iron "       London. 

Iron  Age ••       New  York. 

Journal  of  the  Association  of  Engineering  Societies Monthly " 

"      of  Artillery  and  Military  Engineering "         Vienna. 

"      of  Society  of  Arts Weekly London. 

"      of  Gas  Lighting. ." "       " 

Manufacturer  and  Builder ..Monthly New  York. 

Manufacturer  and  Iron  World     - Weekly Pittsburgh. 

Mechanical  News Semi-Monthly  .New  York. 

Mechanics Weekly " 

National  Car  Builder Monthly " 

Record  of  Scientific  Literature "        " 

Railroad  Gazette Weekly " 

Railway  Age "       Chicago. 

Railway  Review "       " 

Railway  World "       Philadelphia. 

Reportorium  der  Technischen  Literatur Leipsig. 

Revue  Generale  des  Chemins  de  fer Monthly Paris. 

Sanitary  Engineer Weekly New  York. 

Scientific  American "       " 

Scientific  American  Supplement "      " 

Tehnic  Tidskrift Monthly Stockholm. 

Techniker Semi-Monthly . .  New  York. 

Telegraph  Journal  and  Electric  Review "  .  .London. 

The  Locomotive Monthly Hartford. 

Van  Nostrand's  Magazine "         New  York. 

Zeitschrift  fur  Baukunde Quarterly Munich. 

Zeitschrift  fur  Bauwesens "        Berlin. 
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The  following  are  subscribed  for  : 

American  Bookseller Semi-Monthly .  .New  York 

American  Catalogue "  "        ..         " 

American  Library  Journal Monthly 

Index "         " 

Bookseller "         London. 

Publishers'  Weekly Weekly New  York. 

U.  S.  Official  Postal  Guide Monthly Boston. 

The  Society  has  received  during  the  year,  in  exchange  for  the 
"Transactions,"  official  publications  of  the  following  associations,  in 
many  instances  for  preceding  years  : 

Aeronautical  Society  of  Great  Britain London. 

Academy  of  Sciences Washington. 

Akademie  des  Bauwesens Berlin. 

American  Chemical  Society New  York. 

American  Gas  Light  Association " 

American  Institute  of  Architects " 

American  Institute  of  Mining  Engineers Easton. 

American  Iron  and  Steel  Association Philadelphia. 

American  Society  of  Mechanical  Engineers New  York. 

Aunalea  de  Construcciones  Civiles  y  de  Minas Lima. 

Annales  des  Ponts  et  Chausees Paris. 

Argentine  Scientific  Society Buenos  Ayres. 

Association  of  Civil  Engineers Lisbon. 

Austrian  Society  of  Engineers  and  Architects  (Two  Publications) Vienna. 

Boston  Public  Library Boston. 

Boston  Society  of  Civil  Engineers " 

Civil  Engineers'  Club  of  Cleveland Cleveland. 

Die  Administration  der  "  Mittheilungen  " Vienna. 

Engineers'  Club  of  Philadelphia Philadelphia. 

Engineers'  Club  of  St.  Louis St,  Louis. 

Engineer    Department,  U.  S.  A Washington. 

Engineers'  Society,  Western  Pennsylvania Pittsburgh. 

Essayons'  Club,  Corps  of  Engineers,  U.  S.  A WiUetts  Point. 

Franklin  Institute  Journal Philadelphia. 

Imperial  School Moscow. 

Imperial  Technic  Society  of  Russia St.  Petersburg. 

Imperial  University Tokio. 

Institution  of  Civil  Engineers London. 

of  Ireland Dublin. 

of  Engineers  and  Shipbuilders  of  Scotland Glasgow. 

"         of  Mechanical  Engineers London. 

Iron  and  Steel  Institute " 

Massachusetts  Institute  of  Technology Boston. 

McGill  University,  Department  of  Science Montreal. 

Mechanics'  Institute San  Francisco. 

Midland  Institute  Mining,  Civil  and  Mechanical  Engineers Barnsley,  Eug. 

Mining  Institute  of  Scotland Hamilton. 

New  York  Meteorological  Observatory New  York. 

North  of   England  Institute  of  Mining  and  Mechanical  Engineers .Newcastle-on-Tyne. 

Pi  Eta  Scientific  Society     Troy. 

Royal  United  Service  Institution London. 

School  of  Mines,  Columbia  College New  York. 

Smithsonian  Institution Washington. 
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Society  of  Arts Loudon. 

Society  of  Civil  Engineers Paris. 

Society  of  Engineers London. 

Society  of  Engineers  and  Architects Cologne. 

Society  of  Engineers  and  Architects  of  Hungary Budapest. 

"  "  "  of  Saxony Dresden. 

"  "  "  Hanover. 

Stevens  Institute  of  Technology Hoboken. 

Swedish  Society  of  Engineers Stockholm. 

Thayer  Scientific  School,  Dartmouth  College Hanover. 

Thomason  Civil  Engineering  College,  Indian  Engineering Eoorkee . 

United  States  Coast  Survey Washington 

"  Light  House  Board 

"  Naval  Institute .Annapolis. 

"  Naval  Observatory Washington 

"  Ordnance  Department •' 

"  Patent  Office " 

University  of  Michigan Ann  Arbor. 

Western  Society  of  Engineers Chicago. 


I 
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PROCEED  iTsras. 


Vol.   IX.— March.   I883. 


MINUTES     OF     MEETINGS 

(Abstract  of  siicli  as  may  l)o  of  <j;oueral  inteiv^st  to  members.) 


OF  THE  SOCIETY. 


January  3d,  1883. — The  Society  met  at  8  p.  m.,  Vice-President  Paine 
in  the  chair  ;  John  Bogart,  Secretary.  Ballots  for  membership  were 
canvassed,  and  the  following  candidates  declared  elected: 

As  members,  Hiel  Hamilton  Filley,  Mexico,  Mexico;  Arthur  J.  Frith, 
Hotchkiss,  Tenn. ;  Joseph  Palmer  Frizell,  St.  Paul,  Minn. ;  George 
Herndon  Pegram  (elected  Junior,  April  7th,  1880),  Wilmington,  Del. 
As  Junior,  Charles  Frederick  Loweth,  Council  Bluffs,  Iowa. 

A  paper  on  Railroad  Economics  as  a  Pseudo-Science,  was  read  by  Mr. 
William  P.  Shinn,  and  discussed  by  Messrs.  Chanute,  Cooper,  Forney, 
Chas.  H.  Fisher,  Emery  and  Shinn. 

February  7th,  1883, — The  Society  met  at '8  p.  m.,  Director  Joseph 
P.  Davis  in  the  Chair;  John  Bogart,  Secretary.  The  death  of  Charles 
E.  Fowler,  M.  Am.  Soc.  C.  E.,  on  January  28th,  1883,  was  announced. 
The  subject  of  "  Tests  of  Structural  Materials  "  was  discussed  by  Messrs. 
Cooper,  Bogart,  Emery  and  Morison. 

February  21st,  1883, — The  Society  met  at  8  p.  m.,  Vice-President 
Paine  in  the  Chair;  John  Bogart,  Secretary.     A  discussion  on  "Weights 
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and  Measures,"  by  Jacob  M.  Clark,  M.  Am.  Soc.  ('.  E.,  was  read,  and 
the  subject  discussed  by  Messrs.  Bixby,  Bogart,  Jacob  M.  Clark,  T.  0. 
Clarke,  Compton,  Croes,  J.  P.  Davis,  Emery,  North  and  Striedinger. 


OF  THE   BOARD   OF   DIRECTION. 

January  2d,  1883. — Applications  were  considered  ;  appropriations 
made,  and  arrangements  for  the  Annual  Meeting  considered. 

January  15th,  1883. — Applications  were  considered;  appropriations 
were  made.  The  Annual  Report  was  presented  by  the  Secretary,  con  - 
sidered  and  adopted. 

January  20th,  1883. — The  Board  of  Direction,  elected  at  the  Annual 
Meeting,  January  17th,  1883,  met,  organized,  and  under  the  provisions 
of  the  Constitution  the  following  Standing  Committees  were  appointed: 

On  Finance :  WrLUAM  H.  Paine, 

George  S.  Greene,  Jr., 
William  G.  Hamilton. 

On  Library :  J.  James  R.  Croes, 
Joseph  P.  Davis, 
William  E.  Merrill. 

Under  the  resolution  passed  by  the  Society  at  the  Annual  Meeting,  a 
Special  Committee  was  appointed  in  reference  to  appropriations  for  the 
continuance  of  *' Tests  of  Structural  Materials."  Applications  were 
considered.  It  was  decided  that  the  proposed  amendments  to  the  Con- 
stitution be  issued  for  letter-ballot  both  as  originally  proposed  and  as 
amended  by  the  Annual  Meeting.  The  Board,  having  originally  re- 
ported to  the  Society  the  proposed  amendment  in  reference  to  the  Com- 
mutation of  Dues  by  one  payment,  now  determined  to  recommend  that 
all  members  desiring  to  vote  in  favor  of  the  Commutation  of  Dues, 
should  vote  for  the  proposed  amendment  to  Article  XXII.  of  the  Con- 
stitution in  the  form  as  amended  by  the  Annual  Meeting. 

February  14th,  1883.  — Applications  were  considered.  Action  was 
taken  as  to  Arrears  of  Dues;  as  to  the  preparation  of  the  Norman  Medal 
awarded  at  the  Annual  Meeting;  as  to  the  committee  in  reference  to  ap- 
propriations for  the  continuance  of  "Tests  of  Structural  Materials."  Ar- 
rangements for  the  Rowland  Prize  were  referred  to  a  committee  to  report 
to  the  Board. 

Resolutions  in  reference  to  the  death  of  the  late  President  of  the 
Society,  Mr.  Ashbel  Welch,  were  received  from  the  Board  of  Directors 
of  the  United  New  Jersey  Railroad  and  Canal  Company.  Quarterly  ap- 
propriations were  made. 
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CONTRIBUTIONS  TO  THE   BUILDING  FUND. 

By  a  resolution  of  the  Board  of  Direction,  all  contributions  to  the 
Building  Fund  are  to  be  acknowledged,  from  time  to  time,  by  printing 
lists  of  the  same  in  the  monthly  Proceedings  of  the  Society,  and  in 
addition  to  this  the  names  of  all  those  who  may  subscribe  $100  or  more 
are  to  be  regularly  enrolled  and  published  in  future  lists  of  the  Society 
under  the  head  of  Subscribers  to  the  Building  Fund,  and  they  will  be 
entitled  to  receive  one  copy  of  the  monthly  publications,  comprising  all 
papers  and  Transactions  of  the  Society,  regularly,  for  life,  for  each  -SlOO 
subscribed  by  them  ;  such  copies  to  be  in  addition  to  those  which  they 
may  be  already  entitled  to  if  they  are  Members  or  Fellows. 

The  following  contributions  are  acknowledged  in  addition  to  those 
heretofore  noted  : 

*S.  S.  Haight UO  00 

S.  Whinery 25  00 

LIST    OF    MEMBEKS. 


ADDITIONS. 

MEMBEB8. 

Date  of  Election. 

Bbadley,  T.  C U.  S.  Asst.  Engineer,  St.  Joseph,  Mo.. .Dec.  6,  1882. 

FiiiDEY,  H.  H Div.  Engr,  Mex.  National   Construction 

Co.,  Calle  Cadena  11,  Mexico,  Mex. .  .Jan.  3,  1883. 

Feith,  Arthur  J U.  S.  Asst.  Engineer,  Hotchkiss,  Tenn. .      "  " 

Feizell,  Joseph  P 104  East  Third  St.,  St.  Paul,  Minn " 

Mansfield,  M.  W Engineer   Maintenance  of  Way,  P.  C. 

and  St.  L.  R.  R.,  Richmond.  Ind July  5,  1882. 

Pegram,  George  H (Elected  Junior  April  7th,  1880),  Edg- 

moor  Iron  Co.,  Wilmington,  Del Jan.  3,  1883. 

JUNIOR. 

LowETH,  Charles  F Care  of  Raymond  and  Campbell,  Coun- 
cil Bluffs,  Iowa " 


CHANGES   and   CORRECTIONS. 
MEMBERS. 


BoNNYN,  Wm.  Wingfield  Care  Bank  of  Montreal,  Halifax,  N.  S. 

Burns,  Edwabd  C 25  Washington  Ave. ,  Detroit,  Mich. 

Dempster,   Alexander.  .  .89  Fourth  Ave.,  Pittsburgli,  Pa. 

Engle,  Robert  L Res.  Engr.  Mexican  Central  R.  R.,  El  Paso,  Texas. 


♦Additional  siibscription  to  payments  previously  acknowledged. 
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Fogg,  Chaeles  E Div.  Eng.  South  Penna.  R.  R.,  Harrisburg,  Pa. 

Fkazier,  James  L   Louisville  Bridge  and  Iron  Co.,  Louisville,  Ky. 

GoLAY,  Philip U.  S.  Asst.  Engineer,  Golconda,  111. 

Grant,  William  H 1828  Jefferson  Place,  Washington,  D.  C. 

Harris,  William  P Supt.  West.  Div.  C.  and  O.  R.  R.,  Hinton,  W.  Va. 

LiNviLLE,  Jacob  H, 3608  Chestnut  St.,  Philadelphia,  Pa. 

McKeown,  Thomas Houghton  and  L'Anse  R.  R.,  L'Anse,  Mich. 

McLain,  Louis  R . .  .Div.  Eng.  R.  and  D.  Ex.  Co.,  Anniston,  Ala. 

Meyer,  Thomas  C 13  AVaverly  Place,  New  York  City,  N.  Y. 

Newman,  Robert  M Minneapolis,  Minn. 

Osgood,  Joseph  O Chief  Engr.    Boston,  Hoosac   Tunnel   and  Western 

R.  R.,  Saratoga  Springs,  N.  Y. 

Palmer,  Francis  1 38  West  Ninth  St.,  New  York  City,  N.  Y. 

.Pickett,  Willla.m  D 351  Nineteenth  St.,  Denver,  Col. 

Post,  James  C Capt.  of  Engineers,  U.   S.  A.,  33  West  Houston  St., 

New  York  City,  N.  Y. 
RusLiNG,  George  M New  York,  West  Shore  and  Buffalo  R.  R.,  Lock  Box 

399,  Rochester,  N.  Y. 
Schmidt,  Max  E Al/c.  Sr.  Pedro  del  Hoyo,  Ferro  Carril  Central,  San 

Luis  Potosi,  Mexico. 

Searles,  William  H Beach  Creek,  Clinton  Co.,  Pa. 

Striedinger,  Julius  H.  ..(Care  Am.  Soc.  C.  E.),   127  East  23d  St.,   New  York 

City,  N.  Y. 
Van  Brocklin,  Martin.  ..Minatitlan,  Mexico. 

Ward,  Charles  D 314  York  St.,  Jersey  City,  N.  J. 

WiSNER,  George  Y 39  Canfield  Ave.,  Detroit,  Mich. 

junior. 
Webster,  Albert  L.  ....  .P.  O.  Box  240,  Salt  Lake  City,  Utah. 

FELLOW. 

Cheney,  Nathaniel 201  Broadway,  New  York  City,  N.  Y. 

deaths. 

C.uiY,  Edgar  Sheldon Elected  Member  November  1st,  1882.  Died  Janu- 
ary 5th,  1883. 

Ellis,  Theodore Grenville  {Past    Vice-President   and  Fellow  of  the  Society.) 

Elected  Member  February  17th,  1809.  Died  Janu- 
ary 9th,  1883. 

Fowler,  Charles  EnwARD.EIected  Member  May  3d,  1876.     Died  January  28th, 

1883. 

Morley,  Wlllloi  RAYMOND.Elected  Member  September  6th,  1882.-  Died  Jan- 
uary 3d,  1883. 
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MINUTES     OF     MEETINQS. 

(Abstract  of  such  as  may  be  of  general  interest  to  members.) 


OF  THE  SOCIETY. 


Mabch  7th,  1883.— The  Society  met  at  8  p.  m.,  Vice-President  Wm. 
H.  Paine  in  the  Chair;  JohnBogart,  Secretary.  Ballots  for  membership 
were  canvassed,  and  the  following  candidates  were  declared  elected  : 

As  Members  :  Henry  Delphos  Gates,  San  Francisco,  Cal. ;  Gustave 
Lehlbach,  Newark,  N.  J. 

As  Junior  :  William  Jewett  Haskins,  New  York  City. 

Votes  for  the  proposed  amendments  to  the  Constitution  were  can- 
vassed, with  the  following  result : 

Total  number  of  votes  received 134 

Deduct  without  endorsement 1 

Not  entitled  to  vote 1 

—      2 

Total  number  of  ballots  counted 132 

On  the  following  proposed  amendment  to  Article  XXXIII : 

Proposed  amendments  to  this  Constitution  must  be  submitted  in  writing,  signed  by  not 
less  than  5  members,  on  or  before  the  first  Wednesday  in  November,  and  shall  be  sent  by 
letter  to  the  members  of  the  Society,  at  least  25  days  previous  to  the  Annual  Meeting. 

Such  amendments  shall  be  in  order  for  discussion  at  such  Annual  Meeting,  and  may  be 
amended  in  any  manner  pertinent  to  the  original  amendments  by  a  majority  vote  of  the 
Annual  Meeting,  and  if  so  amended,  shall  be  voted  upon  by  letter-ballot  in  form  as  amended 
by  the  Annual  Meeting;  if  not  so  amended,  they  shall  be  voted  upon  by  letter-ballot  as 
submitted;  the  vote  to  be  coimted  at  the  first  regular  meeting  in  March. 

An  affirmative  vote  of  two-thirds  of  all  ballots  cast  shall  be  necessary  to  the  adoption  of 
any  amendment. 
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There  were  in  the  aflfirmative 107  votes. 

*'         "      •'    "    negative 8     " 

[Note.— 17  ballots  had  no  vote  entered  upon  this  amendment.] 
This  proposed  amendment,  having  received  two-thirds  of  all  ballots 
cast,  was  declared  adopted. 

A. — On  the  following  proposed  amendments  to  Article  XXII. : 
Add  at  end  of  Article  as  follows  : 

Any  member  of  the  Society,  not  in  arrears  for  dues,  may  compound  for  future  annual 
dues  by  the  payment  of  Two  Hundred  and  Fifty  Dollars  ;  provided,  however,  that  each 
person  duly  elected  a  member  shall  pay  the  entrance  fee  and  also  the  annual  dues  for  the 
current  year  of  his  election . 

Provided,  also,  that  any  member  desiring  to  compound  for  future  annual  dues  shall 
have  paid  the  annual  dues  for  a  current  year  before  the  compounding  sum  may  be  available. 

Provided,  also,  that  in  addition  to  the  sum  provided  for  compounding  dues,  there  shall 
be  paid  by  each  compounding  member  resident  within  50  miles  of  the  Post  Office  in  the 
City  of  New  York,  the  sum  of  Ten  Dollars  per  year  for  5  years  after  compounding. 

Should  a  resident  member  become  non-resident  at  any  time  during  the  5  years  after 
compounding,  he  shall  be  relieved  from  the  payment  of  such  annual  sums  during  the  time 
of  non-residence. 

Should  anon-resident  member  become  resident  at  any  time  within  5  years  after  com- 
pounding, he  shall  be  liable  to  the  annual  payment  of  Ten  Dollars  for  each  year  of  residence 
up  to  5  years  after  compounding. 

Members  compounding  shall  sign  an  agreement  that  they  will  be  governed  by  the  Con- 
stitution and  By-Laws  of  the  Society  as  they  are  now  formed  or  as  they  may  be  hereafter 
altered,  amended  or  enlarged;  that  in  case  of  their  desiring  to  withdraw  their  names  from 
the  roll  of  the  Society,  the  amount  theretofore  paid  by  them  for  compounding  and  for 
entrance  fees  and  annual  dues  shall  be  the  property  of  the  Society;  that  in  case  of  expulsion, 
the  amount  paid  for  compounding  shall  be  returned  to  the  expelled  member,  but  not  the 
amount  theretofore  paid  for  entrance  fees  or  for  annual  dues. 

B. — Amendment  adopted  and  recommended  by  Annual  Meeting: 
Add  at  end  of  Article  XXII.  as  follows  : 

Any  member  of  the  Society,  not  in  arrears  for  dues,  may  compound  for  future  annual 
dues  by  the  payment  of  Two  Hundred  and  Fifty  Dollars  ;  provided,  however,  that  each 
person  duly  elected  a  member  shall  pay  the  entrance  fee  and  also  the  annual  dues  for  the 
current  year  of  his  election. 

Provided,  also,  that  any  member  desiring  to  compound  for  future  annual  dues  shall 
have  paid  the  annual  dues  for  a  ciirrent  year  before  the  compounding  sum  may  be  available. 

Provided,  also,  that  in  addition  to  the  sum  provided  for  compounding  dues,  there  shall 
be  paid  by  each  compounding  member  resident  within  50  miles  ot  the  Post  Office  in  the 
City  of  New  York,  the  sum  of  Ten  Dollars  per  year  for  5  years  after  compounding. 

Should  a  resident  member  become  non-resident  at  any  time  during  the  5  years  after 
compounding,  he  shall  be  relieved  from  the  payment  of  such  annual  sum  during  the  time  of 
non-residence. 

Should  a  non-resident  member  become  resident  at  any  time  within  5  years  after  com- 
pounding, he  shall  be  liable  to  the  annual  payment  of  Ten  Dollars  for  each  year  of  x'esidence 
up  to  5  years  after  compounding. 

Members  compounding  shall  sign  an  agreement  that  they  will  be  governed  by  the  Con- 
stitution and  By-Laws  of  the  Society  as  they  are  now  formed  or  as  they  may  be  hereafter 
altered,  amended  or  enlarged;  and  that  in  case  of  their  ceasing  to  be  members  from  any 
cause  whatever,  the  amount  theretofore  paid  by  them  for  compounding  and  for  entrance 
foes  and  annual  diies  shall  be  the  property  of  the  Society. 
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The  votes  were  as  follows  : 

**  Amendment  A  " 10 

' '  Amendment  B  " 81 

*'  No  "  (that  neither  be  adopted) 32 

**Yes  " 2 

*'Aor  B" 3 

[Note. — 4  ballots  had  no  vote  entered  upon  these  amendments.] 
It  was  decided  that  neither  of  these  proposed  amendments  had  received 
two-thirds  of  all  ballots  cast,  and  that,  therefore,  neither  was  adopted. 
C. — On  the  following  proposed  amendments  to  the  Constitution  : 
A  new  Article  : 

Whenever  20  or  more  members  shall  signify  their  desire  to  form  a  section  of  the  Society 
for  the  advancement  of  a  special  branch  of  engineering,  the  Board  of  Direction  shall  consider 
such  application,  and  submit  it,  with  an  expression  of  opinion,  to  the  Society  for  a  letter- 
ballot.     The  application  shall  be  granted  if  two-thirds  of  the  votes  be  in  the  affirmative. 

Sections  authorized  as  above  shall  have  the  privilege  of  separate  meetings  for  reading  of 
papers  and  discussions,  at  times  and  places  determined  by  themselves,  but  may  not  assume 
to  transact  business  in  the  name  of  the  Society. 

The  transactions  of  sections  shall  be  published  by  the  Society,  under  the  usual  regula- 
tions; but  no  expense  other  than  for  such  publication  shall  be  borne  by  the  Society. 

D. — Amendment  adopted  and  recommended  by  Annual  Meeting: 
A  new  Article  : 

Whenever  10  or  more  members  of  the  Society  shall  signify  their  desire  to  form  a  section 
of  the  Society  for  the  advancement  of  engineering,  or  of  any  special  branch  thereof,  the 
Board  of  Direction  shall  consider  such  application,  and  siibmit  it,  with  an  expression  of 
opinion,  to  the  Society  for  a  letter-ballot.  The  application  shall  be  granted  if  two- thirds  of 
the  votes  be  in  the  affirmative. 

Sections  authorized  as  above  shall  have  the  privilege  of  separate  meetings  for  reading  of 
papers  and  discussions,  at  times  and  places  determined  by  themselves,  but  may  not  assume 
to  transact  business  in  the  name  of  the  Society. 

The  transactions  of  such  sections  may  be  published  by  the  Society,  under  the  usual 
regulations  ;  but  no  expense  other  than  for  such  publication  shall  be  borne  by  the  Society. 

The  votes  were  as  follows  : 

"  Amendment  0  " 24 

"  Amendment  D  " 80 

"  No  "  (that  neither  be  adopted) ♦ 24 

*'C  and  D" 2 

[Note.  — 2  ballots  had  no  vote  entered  upon  these  amendments.  ] 
It  was  decided  that  neither    of    these  proposed  amendments  had 
received  two-thirds  of  all  ballots  cast,  and  that,  therefore,  neither  was 
adopted. 

The  following  letter  was  submitted  by  the  Board  of  Direction  for 

-consideration  : 

Ann  Arbor,  Dec.  19th,  1882. 
John  Bogart,  Esq., 

Sec'y  Am.  Soc'y  Civil  Engineers, 

New  York  City : 
Dear  Sir  :  I  beg  leave  to  call  your  attention — and,  through  you,  the 
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attention  of  your  Society — to  the  following  resolutions  adopted  by  the 
Engineering  Society  of  the  University  of  Michigan  at  the  meeting  of 
Dec.  8th,  1882  : 

*'  Whei^eas,  It  is  deemed  advisable  by  the  majority  of  the  Schools  of 
"  Technology  to  give  the  degree  of  Civil,  Mining  and  Mechanical  Engi- 
"  neer  as  second  degrees  ;  and 

"  Whereas,  No  uniform  degree  distinctive  of  the  course  of  study  pur- 
"  sued  is  now  conferred  upon  graduation  ;  therefore, 

"  Resolved,  That  this  Society  request  the  Faculty  to  confer  with  the 
"  faculties  of  other  engineering  schools,  and  to  secure,  if  possible,  the 
"  general  adoption  of  an  appropriate  degree  to  be  conferred  upon 
*'  graduation  ;  also, 

'^Resolved,  That  this  Society  correspond  with  similar  societies,  and 
"  with  engineering  students  of  other  schools,  for  the  same  purpose." 

In  accordance  with  the  above,  I  have  addressed  a  circular  to  the 
societies  and  students  of  most  of  the  highest  Schools  of  Technology  in 
the  United  States,  and  have  written  to  the  American  Societies  of  Mining 
and  Mechanical  Engineers. 

As  the  American  Society  of  Civil  Engineers  was  so  largely  instrumen- 
tal in  securing  the  present  elevation  of  the  full  Engineer's  degree  to  the 
rank  of  second  degree,  and  the  consequent  rise  of  standard,  we  venture 
to  call  attention  to  this  matter,  and  respectfully  ask  for  your  considera- 
tion, and,  if  possible,  your  help. 

We  feel  sure  that  such  uniformity,  especially  if  it  can  be  accomplished 
by  a  practically  equivalent  course  of  study  for  such  a  degree  in  all  schools 
conferring  it,  will  raise  the  standard  of  the  young  engineers  entering  the 
profession. 

Will  you  be  kind  enough  to  let  us  know  whether  your  Society  will 
probably  take  action  in  this  matter  or  not,  and  if  so,  how  long  before  it 
can  be  done  ? 

Yery  respectfully, 

for  the  Engineering  Society, 

FRANK  M.  DUNLAP, 

Cor.  Sec'y. 

Chakles  E.  Emeky.  — I  do  not  see  how  a  matter  of  this  kind  can  well 
be  taken  up  by  us  as  a  Society,  but  I  suggest  that  a  committee  might  be 
appointed  to  confer  with  other  societies,  and  with  the  representatives  of 
educational  institutions. 

Joseph  P.  Davis. — This  Society,  I  think,  has  not  heretofore  taken 
action  upon  such  a  matter. 

The  Secretaky. — Not  that  I  am  aware  of. 

William  P.  Shinn. — I  would  suggest  that  it  is  out  of  the  ordinary 
course  of  such  things,  in  their  application  to  other  branches  of  study, 
that  a  college  should  confer  a  degree  which  is  a  business  title,  and  it  has 
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struck  me  for  a  long  time  that  it  is  as  much  out  of  the  way  for  colleges  to 
confer  the  title  of  civil  engineer,  as  for  a  law  school  to  confer  the  title 
of  attorney-at-law.  It  does  not  make  him  an  attorney-at-law,  and  no 
more  does  the  title  make  a  man  a  civil  engineer.  A  considerable  amount 
of  practice  is  required  before  he  gets  to  that  point.  Of  course  it  would 
only  lie  in  the  province  of  this  Society  to  recommend  some  action,  and  I 
think  it  would  be  a  good  thing  to  put  ourselves  on  record  as  regards  the 
matter. 

On  motion  of  Mr.  Shinn,  it  was — 

Resolved,  That  a  committee  of  three  be  appointed  to  confer  with 
the  American  Institute  of  Mining  Engineers,  and  the  American  Society 
of  Mechanical  Engineers,  and  with  authorized  representatives  of  Institu- 
tions of  Technical  Education  upon  this  subject,  and  report  the  result  to 
the  Society. 

The  following  members  of  the  Society  were  appointed  such  commit- 
tee :     Messrs.  Wm.  P.  Shinn,  T.  0.  Clarke  and  Theodore  Cooper. 

A  paper  by  Hamilton  Smith,  Jr.,  M.  Am.  Soc.  C.  E.,  on  the  Flow  of 
Water  in  Pipes,  was  then  read  and  discussed  by  Messrs.  T.  C.  Clarke, 
Croes,  Cooper,  J.  P.  Davis,  Emery,  North,  and  Wm.  H.  Paine. 

March  21st,  1883. — The  Society  met  at  8  p.m., Vice-President  William 
H.  Paine  in  the  chair;  John  Bogart,  Secretary.  The  death  on  March  8th, 
1883,  of  Mr.  James  O.  Morse,  M.  Am.  Soc.  C.  E.,  was  announced.  Mr. 
Morse  became  a  member  of  the  Society  February  9th,  1853.  He  was  its 
Secretary  from  December  1st,  1854,  to  November  3d,  1869,  and  its  Treasurer 
from  December  1st,  1854,  to  November  3d,  1875.  After  remarks  by  the 
Secretary  referring  to  the  important  work  done  for  the  Society  by  Mr. 
Morse  during  the  long  period  of  his  connection  with  it,  the  President 
was  authorized  to  appoint  a  committee  to  prepare  a  memoir  for  publica- 
tion in  the  Proceedings. 

The  subject  of  Tests  of  Iron,  Steel  and  other  materials  was  then 
considered.    By  request  of  the  Chair,  it  was  introduced  by  the  Secretary. 

The  Secretary. — I  suppose  that  the  facts  connected  with  this  subject 
are  generally  understood  in  this  Society,  but  in  order  to  introduce  the 
proposed  discussion,  I  may  say  that  this  question  of  tests  of  structural 
materials  has  been  for  a  long  while  a  matter  of  very  great  interest  to  a 
large  proportion  of  our  members.  The  work  of  the  United  States  Board 
to  test  iron,  steel  and  other  materials  is  very  well  known.  The  great 
testing  machine  built  under  the  auspices  of  that  board  is  now  at  the 
Watertown  Arsenal,  and  is  in  charge  of  the  Ordnance  Department  of  the 
United  States  Army.  After  the  United  States  Board  on  that  subject 
ceased  to  exist,  the  work  of  continuing  tests  of  structural  materials  has 
been  carried  on  by  the  Ordnance  Department,  but  only  with  very  meagre 
results,  because  the  amount  of  money  appropriated  by  Congress  and 
used  for  this  purpose  has  been  very  small.  The  necessity  for  the  re- 
sumption and  continuance  of  this  work  has  been  more  and  more  deeply 
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impressed  upon  the  minds  of  engineers,  producers  and  users  of  struc- 
tural materials,  and  it  became  apparent  that  in  the  interests  of  proper 
construction  some  action  must  be  taken  upon  the  subject.  At  the  meet- 
ing of  the  American  Institute  of  Mining  Engineers  at  Washington,  there 
occurred  a  most  interesting  discussion  upon  this  matter,  participated  in 
by  a  number  of  members  of  that  Institute,  and  also  of  this  Society.  At 
the  Annual  Convention  of  the  American  Society  of  Civil  Engineers  in 
1881,  a  special  committee  was  appointed  to  report  to  the  Board  of  Direc- 
tion, and  at  the  annual  meeting  of  the  Society  in  1882  the  Board  of 
Direction  presented  a  report,  including  with  it  the  report  of  this  special 
committee.  At  that  annual  meeting  the  Board  of  Direction  was  author- 
ized to  memorialize  Congress  and  to  promote,  as  far  as  was  properly 
practicable,  the  passage  of  a  law  creating  a  commission  to  test  structural 
materials.  A  bill  to  that  effect  was  prepared  in  consultation  with  many 
persons  interested  in  the  subject,  and  was  presented  in  Congress,  and 
the  action  of  the  Board  was  reported  to  the  Society.  The  President  of 
the  Society,  the  late  Ashbel  Welch,  members  of  the  Board  of  Direction, 
and  other  members  of  the  Society,  with  friends  of  the  measure,  visited 
Washington,  and  endeavored  to  secure  the  passage  of  that  bill.  The 
effort  was  unsuccessful.  There  was,  however,  at  that  session  of  Con- 
gress introduced  into  the  Army  Appropriation  Bill  a  clause  in  reference 
to  this  subject,  authorizing  the  Chief  of  Ordnance  to  give  attention  to  a 
programme  of  tests  to  be  prepared  by  civil  engineers.  It  is  proper  that 
I  should  say  that  that  clause  was  introduced  with  the  entire  concurrence 
of  the  Chief  of  Ordnance  of  the  United  States  Army,  and  that,  with  his 
concurrence,  an  effort  was  made  to  secure  a  larger  appropriation  than  the 
$10  000  which  had  been  appropriated  previously  for  the  annual  care  and 
use  of  the  machine  at  Watertown.  The  effort  to  secure  a  larger  appro- 
priation was  not  successful,  but  the  clause  in  reference  to  the  prepara- 
tion of  a  programme  became  a  part  of  the  law.  In  an  interview  with  the 
Chief  of  Ordnance,  that  officer  expressed  to  a  number  of  engineers  a 
deep  interest  in  the  successful  prosecution  of  such  tests  of  structural 
materials  as  would  secure  the  information  that  engineers  desire,  and  he 
earnestly  and  cordially  requested  the  aid  of  the  civil  engineers  of  this 
country  in  the  preparation  of  such  a  programme  of  tests  and  the  sugges- 
tion of  such  a  use  of  the  machine  and  of  other  suitable  methods  as  would 
secure  the  best  practicable  results.  In  accordance  with  the  clause  of  the 
bill  referred  to  above,  the  Board  of  Direction  called  to  its  aid,  by  cor- 
respondence and  in  personal  consultation,  a  number  of  persons,  members 
of  this  Society  and  of  the  American  Institute  of  Mining  Engineers,  and 
the  American  Society  of  Mechanical  Engineers,  and  with  their  assistance 
a  programme  was  prepared  which  aimed  to  secure  as  good  results  as  were 
practicable  with  the  small  amount  of  money  appropriated.  The  pro- 
gramme, so  prepared,  has  been  accepted  by  the  Chief  of  Ordnance  and 
has  been  issued  in  a  circular  form,  and  is  now  published  in  our  Proceed- 
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ings.  At  the  recent  meeting  of  Congress,  an  effort  was  again  made  to 
secure  a  larger  appropriation  for  the  coming  fiscal  year  than  the  $10  000, 
Avhich  had  been  the  sum  annually  appropriated,  and  which  was  really 
too  small  to  accomplish  very  much.  At  the  recent  annual  meeting  of 
the  Society  the  subject  was  discussed,  and  a  committee  was  appointed  to 
assist  in  the  endeavor  to  secure  a  more  liberal  appropriation.  The  Chair- 
man of  that  Committee,  Mr.  Chanute,  is  present,  and  will  give  us  a 
statement  of  what  has  been  done,  and  what  the  present  state  of  the 
matter  is. 

Only  one  additional  point  I  desire  to  refer  to.  In  the  original  draft 
of  the  addition  to  the  law  which  I  have  mentioned,  it  was  provided  that 
the  record  of  tests  should  be  published  by  the  Government.  Members 
of  Congress  saw  fit  to  amend  this  by  substituting  a  requirement  that  the 
records  of  tests  should  be  furnished  this  Society,  to  be  by  it  published  at 
its  own  expense.  This  was  not  requested  by  the  Society,  but  it  has  been 
imposed  upon  us  by  law.  The  Board  of  Direction  therefore  proposes  to 
publish  these  records  in  the  monthly  Proceedings,  and  also  to  furnish 
printed  copies  of  them  in  such  form  as  will  secure  their  full  circulation 
among  all  who  are  interested  in  the  subject,  giving  them  every  possible 
publicity.  I  now  ask  Mr.  Chanute  to  tell  us  the  present  condition  of 
this  important  subject. 

O.  Chanute. — Mr.  President  :  Immediately  upon  being  niotified  of 
its  appointment,  your  committee  entered  into  communication  with  the 
Chief  of  Ordnance,  in  order  to  ascertain  the  actual  condition  of  affairs, 
and  to  secure  the  benefit  of  his  advice  and  co-operation . 

He  was  very  prompt  and  very  kind,  and  wrote  at  once  to  advise  your 
committee  that  the  "Book  of  Estimates"  had  contained  (page  149)  the 
following  items  : 

Caring  for,  preserving,  using  and  operating  the  U.  S. 

Testing  Machine,  at  Watertown  Arsenal ^10  000 

Purchase  of  materials  for  specimens,  and  labor  to  pre- 
pare them 13  500 

But  that  in  the  Army  Appropriation  Bill,  which  had  then  (Feb.  6)  passed 
the  House,  only  the  first  item  had  been  included.  That  in  the  Senate, 
where  it  was  then  pending,  a  clause  similar  to  that  of  last  year  had  been 
added,  providing  that  the  Chief  of  Ordnance  should  give  attention  to  a 
programme  of  tests  to  be  submitted  by  the  American  Society  of  Civil 
Engineers,  but  the  amount  appropriated  had  been  left  the  same  (^10  000). 
He  suggested  that  letters  should  be  written  to  several  members  of  Con- 
gress whom  he  named,  in  order  to  advocate  a  larger  appropriation. 

I  should  here  explain  that,  as  a  rule,  it  is  almost  impossible  to  secure 
appropriations  for  work  to  be  done  under  Government  auspices  unless 
these  have  been  previously  and  duly  asked  for  by  the  department  in 
charge,  in  its  estimates  of  expenditures  required  for  the  ensuing  year. 
It  is  very  easy  to  get  less,  but  almost  impossible  to  obtain  more  than  is 
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thus  included  in  the  "Book  of  Estimates."     In  this  case  tlie  book  had 
also  included  the  following  items  : 

For  a  machine  for  testing  the  torsional   resistance   of 

material $50  000 

For  a  machine  for  testing  the  transverse  resistance  of 

material 50  000 

Neither  of  which  were  included  in  the  appropriations  which  were  passed. 

It  having  been  suggested  that  in  the  then  crowded  condition  of  the 
public  business,  letters  would  be  more  efficacious  than  personal  inter- 
views, your  committee  wrote  to  several  members  of  Congress  to  advo- 
cate a  larger  appropriation  than  the  $10  000  then  pending.  In  these  let- 
ters it  was  pointed  out  that  under  the  action  already  obtained,  and  the 
circular  issued  by  the  Chief  of  Ordnance  on  the  19th  of  January,  it  was 
highly  probable  that  the  bridge  builders,  the  railroad  companies,  and 
the  manufacturers  of  the  country  would  this  year  furnish  at  their  own 
expense  some  $40  000  worth  of  materials  to  be  tested  with  the  $10  000 
appropriated  by  Congress  (it  being  generally  found  that  the  testing 
proper  costs  about  i  as  much  as  the  materials),  but  that  in  order  to  con- 
nect the  various  experiments  into  a  harmonious  series,  some  intermediate 
specimens  would  have  to  be  provided,  and  for  this  your  committee  sug- 
gested that  the  $13  500  asked  for  in  the  "  Book  of  Estimates  "  should  be 
appropriated. 

Unfortunately,  Hon.  Abram  S,  Hewitt,  who  proved  so  powerful  a 
friend  to  this  appropriation  the  preceding  year,  was  ill  in  New  York,  and 
although  he  was  seen  by  your  committee,  and  wrote  in  its  behalf  to 
Washington,  he  was  not  able  to  resume  his  seat  in  Congress  before  the 
end  of  the  session,  and  his  personal  influence  could  not  be  exerted. 

Capt.  Michaelis,  member  of  the  Society,  and  one  of  your  committee, 
however,  went  to  Washington,  had  personal  interviews  with  some  mem- 
bers of  Congress,  appeared  before  one  of  its  committees,  and  endeavored 
to  have  this  increased  appropriation  included  either  in  the  **  Army  Bill," 
or  in  the  "Sundry  Civil  "  Appropriation  Bill. 

Mr.  L.  L.  Buck,  member  of  this  Society,  who  chanced  to  be  in 
Washington,  also  made  an  effort  to  interest  members  of  Congress  in  the 
subject.  I  see  that  he  is  present  here  to  night,  and  I  hope  that  we  shall 
hear  from  him  on  the  subject. 

All  these  efforts  proved  fruitless,  and  we  are  now  advised  that  the  only 
appropriation  obtained  for  tests  this  year  was  in  the  Army  Appropria- 
tion Bill,  and  is  in  these  terms  : 

"United  States  Testing  Machine. — For  caring  for,  preserving, 
using  and  operating  the  United  States  testing  machine  at  the  Water- 
town  Arsenal,  ten  thousand  dollars  :  Provided,  That  the  tests  of  iron 
and  steel  and  other  materials  for  industrial  purposes  shall  be  continued 
during  the  next  fiscal  year,  and  report  thereof  shall  be  made  to  Con- 
gress :  And  provided  further,  That  in  making  tests  for  private  citizens, 
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the  officer  in  charge  may  require  payment  in  advance,  and  may  use  the 
funds  so  received  in  making  such  private  tests,  making  full  report  there- 
of to  the  Chief  of  Ordnance  ;  and  the  Chief  of  Ordnance  shall  give  at- 
tention to  such  programme  of  tests  as  may  be  submitted  by  the  American 
Society  of  Civil  Engineers,  and  the  record  of  such  tests  shall  be  fur- 
nished said  Society,  to  be  by  them  published  at  their  own  expense." 

As  the  machine  has  to  be  taken  care  of,  and  the  Government  work 
first  done,  out  of  this  appropriation,  it  is  doubtful  whether  even  so 
much  as  half  of  it  will  be  available  for  the  programme  of  tests  already 
suggested  by  this  Society. 

It  is  much  to  be  regretted  that  the  amount  appropriated  is  so  small, 
as  this  is  likely  to  cripple  the  efficiency  of  the  programme,  and  to  dis- 
courage intending  contributors  of  material  at  the  very  start. 

Of  course  we  must  make  a  fresh  effort  for  an  appropriation  next  year, 
but  pending  this,  I  believe  that  the  thing  before  us  now  is  to  accom- 
plish the  greatest  possible  results  with  so  much  as  can  be  spared  from 
the  sum  already  appropriated,  be  it  S3  000  or  be  it  $6  000.  As  I  have 
already  intimated,  I  believe  we  can  obtain  gratuitous  contributions  of 
about  $40  000  worth  of  material  and  specimens  to  be  tested,  as  I  under- 
stand that  bridge  builders  are  generally  preparing  to  get  up  a  series  of 
compression  members  for  testing,  and  several  large  corporations  (that 
with  which  I  am  connected  among  the  number)  have  authorized  the 
ordering  of  duplicate  parts  of  some  of  their  bridges  in  process  of  con- 
struction, in  order  to  send  them  to  Watertown  to  be  tested. 

I  think  that  the  thing  for  us  to  do,  therefore,  is  to  endeavor  to  ac- 
complish some  tangible  results  now,  and  to  try  to  secure  a  larger  appro- 
priation next  year. 

I  understand,  however,  that  there  are  some  obstacles  in  the  way.  The 
first  is  said  to  be  the  opposition  of  a  certain  member  of  Congress  from 
the  West,  who  is  likely  to  occupy  an  important  position  in  the  next 
Congress,  and  who  has  an  idea  that  tests  of  structural  material  will  be  of 
no  particular  benefit  to  the  country  at  large,  or,  at  most,  of  benefit  only  to 
the  Eastern  manufacturing  States,  and  who  opposes  an  appropriation.  I 
think  this  mistaken  idea  of  his  (if  it  be  true  that  he  entertains  it)  can  be 
entirely  removed  if  some  Western  member  of  our  Society  in  whom  he 
has  confidence  will  take  the  pains  to  explain  the  importance  and  value 
of  the  tests  which  we  propose,  and  which  can  only  be  carried  on  with 
the  Government  machine.  I  think  it  can  be  clearly  shown  that  by  giving 
engineers,  designers  and  builders  a  better  knowledge  of  the  strength  and 
behavior  of  the  full-sized  sections  which  they  are  using, and  w^hicli  have  not 
been  tested  hitherto  for  lack  of  a  sufficiently  powerful  machine,  we  are 
likely  to  save  the  metal  users  of  the  country  each  year  much  more  than 
the  experiments  will  cost  in  the  aggregate.  I  believe  for  myself  that,  in 
comparison  with  the  strength  of  the  tensile  members  of  our  structures, 
we  are  putting  an   undue  proportion  of  material   in   the  compression 
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members,  and  that  our  bridges,  roofs  and  other  structures  are  not  yet  of 
uniform  strength  throughout. 

Perhaps  another  obstacle  to  an  appropriation  this  year  was  the  fact 
that  ^100  000  was  asked  for  to  build  two  new  machines,  and  that  this 
was  pressed  at  Washington  by  the  inventor  of  the  present  machine, 
who  desires  to  build  these  also,  and  who,  in  asking  for  such  a  large 
sum,  may  have  deterred  the  members  of  Congress  from  granting  any- 
thing. 

It  seems  to  me  that  we  ought  to  be  able  to  point  to  some  adequate 
and  practical  results  from  the  use  of  the  present  machine,  and  from  the 
little  bit  of  money  appropriated,  before  we  urge  the  building  of  more 
machines.  We  do,  however,  want  a  larger  sum  than  $10  000  for  testing, 
and  I  believe  that  with  proper  effort  we  can  procure  the  appropriation  of 
any  reasonable  amount  next  year,  provided  we  can  show  some  valuable 
results  this  year.  A  good  many  tests  have  already  been  made  in  an 
irrelevant  sort  of  way,  and  more  are  making  every  day,  but  engineers 
thus  far  seem  to  have  drawn  no  particular  deductions  from  them.  Now, 
will  not  some  of  you  analyze  these  experiments,  and  see  if  there  is  any 
value  in  them,  and  whether  some  general  conclusions  can  be  deduced 
from  them  that  will  have  a  practical  bearing  on  the  use  of  metal  ?  As  I 
have  stated  already,  I  believe  we  are  putting  an  undue  proportion  in  our 
compression  members,  but  until  this  is  proved  to  be  the  fact,  by  experi- 
ment on  full-sized  members,  I  shall  feel  safer  by  adhering  to  the  current 
practice. 

With  a  view  to  inducing  some  of  you  to  undertake  such  a  task,  I 
have  brought  here  to-night  a  set  of  the  Government  publications  of  the 
tests  thus  far  made,  and  which  engineers  have  been  complaining  could 
not  be  procured.  I  beg  to  present  them  either  to  the  Society,  or  to  any 
meniber  who  will  undertake  to  digest  them. 

I  think,  in  addition,  that  it  is  desirable  to  secure  some  concert  of 
action  between  intending  contributors  of  specimens,  in  the  preparing 
and  sending  forward  compression  members  to  be  tested,  both  to  prevent 
too  much  duplication  of  parts  having  the  same  dimensions,  and  to  pre- 
serve some  co-ordination  in  the  series  of  tests.  I  propose,  therefore, 
that  we  should  appoint  a  committee  to  draw  up  a  programme,  under 
which  the  tests  may  be  carried  on,  and  I  hope  that  in  the  discussion 
which  is  about  to  follow  the  members  will  fully  express  their  views,  and 
endeavor  to  bring  about  concert  of  action  in  a  matter  which  promises 
such  good  economical  results  for  the  country  at  large. 

L.  L.  Buck. — I  have  very  little  to  say.  I  was  in  Washington  in  Feb- 
ruary, and  received  a  telegram  asking  me  to  go  before  a  committee  with 
Captain  Michaelis.  I  consented,  but  did  not  meet  the  committee,  through 
some  misapprehension.  I  afterwards  received  a  letter  from  Captain 
Michaelis,  and  I  wrote  on  the  subject  to  some  members  of  the  Senate  and 
talked  with  some,  but  it  was  too  late  to  effect  anything. 
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O.  Chanute. — I  would  ask  Mr.  Buck  if  he  ascertained  what  was  in 
the  way  of  getting  the  aj^propriation  ? 

L,  L.  Buck. — I  hardly  can  say.  I  think  a  good  many  were  in  favor 
of  it,  but  there  was  not  sufficient  interest  felt. 

T.  C.  Clakke, — I  think  one  of  the  principal  reasons  that  appropria- 
tions for  tests  have  failed  to  be  carried  is  on  account  of  the  indifference 
of  Congress.  Nobody  cares  about  it.  On  general  principles,  it  will  be 
said  it  is  a  very  good  thing,  but  no  member  takes  a  special  interest  in  it. 
Now,  we  ought  to  take  such  steps  as  will  show  members  of  Congress 
how  necessary  this  is.  In  other  words,  advertise  it.  "We  must  in  some 
way  or  other  get  it  before  the  public — get  it  talked  about — get  it  into  the 
public  mind,  that  it  is  a  necessary  thing  to  be  done. 

L.  L.  Buck. — Some  members  of  Congress  should  be  interested  in  the 
matter  ;  otherwise  it  will  be  very  hard  to  effect  it. 

A.  P.  BoLLER. — The  only  way  to  properly  operate  in  this  matter  of 
tests,  is  for  the  committee  to  devise  a  scheme  under  which  they  will  be 
conducted.  For  early  results,  simple  sections  are  necessary.  Inasmuch 
as  compression  members  seem  to  be  the  direction  in  which  exj^eriment- 
ing  had  best  be  done,  growing  out  of  the  admirable  commencement  on 
Phoenix  columns,  it  would  be  well  to  make  a  series  of  tests  on  channel- 
iron,  beams,  angles  and  tire-irons,  under  the  conditions  they  are  used  in 
practice.  Such  sections  are  readily  obtained  on  demand  from  any  roll- 
ing mill,  can  be  rapidly  tested,  and  the  records  put  before  the  scientific 
and  manufacturing  world  more  quickly  than  any  other  range  of  experi- 
ments. They  would  be  extremely  valuable,  and  if  performed  in  a  proper 
series,  would  settle  for  all  time  the  constants  in  all  column  formulai  for 
such  sections. 

The  Secretary. — It  seems  to  me  that  the  suggestions  that  have  been 
made  in  regard  to  the  appointment  of  a  committee  are  prudent,  and 
will  provide  a  means  of  securing  future  results.  I  suppose  that  such  a 
committee  may  be  expected  to  show  that  even  with  the  very  small 
amount  of  money  used  so  far,  good  results  have  been  obtained. 

Perhaps  the  way  to  secure  the  appointment  of  a  committee  for  that 
purpose  would  be  to  give  to  the  Board  of  Direction  the  power  to  appoint 
such  a  committee. 

Charles  Macdonald. — I  supposed  that  there  had  been  a  committee 
appointed  from  the  fact  that  some  time  ago  I  received  a  circular  asking 
how  such  tests  should  be  made,  but  if  this  is  not  the  case,  I  should  favor 
the  formation  of  a  committee  as  suggested.  Such  committee,  by  making 
personal  application  to  parties  who  are  interested  in  the  manufacture  of 
compression  members,  could  doubtless  obtain  the  promise  of  a  class  of 
specimens  for  testing  which  would  fairly  represent  their  own  practice. 
I  have  myself  had  drawings  prepared  representing  columns  having  a 
range  of  from  15  to  60  diameter,  pin  bearing  at  each  end,  and  having 
different  sized  pins.     These  I  would  be  glad  to  furnish  to  the  committee. 


74 

If  a  sufiScient  number  of  such  drawings  could  be  obtained,  representing 
as  they  would  the  most  approved  practice  of  the  different  designers,  the 
committee  might  be  able  to  suggest  many  desirable  modifications,  and 
thus  organize  the  work  so  as  to  reduce  expense  and  prevent  a  multipli- 
cation of  useless  experiments. 

The  Secretary. — Mr.  President,  I  would  say  in  reply  to  the  question 
as  to  a  previous  appointment  of  a  committee,  that  the  subject  was  re- 
ferred by  the  Society  to  the  Board  of  Direction  ;  that  the  Board  acted 
in  consultation  with  a  number  of  engineers,  and  that  the  programme 
which  was  submitted  to  the  Chief  of  Ordnance  was  prepared  from  the 
advice  and  suggestions  of  these  engineers.  That  programme  has  been 
issued  by  the  Chief  of  Ordnance  as  follows  : 

American  Society  of  CrvxL  Engineers,  ) 
127  East  Twenty-third  Street,  N.  Y.,       >- 

December  23,  1882.  ) 
Oeneral  S .  V.  Benet, 

Chief  of  Ordnance,  U.  S.  A.j 

Washington,  D.  C. 

Dear  Sir  :  The  Board  of  Direction  of  the  American  Society  of  Civil 
Engineers  has  had  under  careful  consideration  the  subject  of  the  prepa- 
ration of  a  programme  of  tests  of  structural  materials,  to  be  submitted  to 
you,  in  accordance  with  the  provisions  of  the  last  Army  Appropriation 
Bill .  In  this  duty  the  Board,  through  its  President  and  Secretary,  has 
consulted  a  number  of  persons  interested  in  the  investigation,  produc- 
tion, and  use  of  structural  materials,  and  including  not  only  members  of 
this  Society,  but  also  members  of  the  American  Institute  of  Mining 
Engineers,  and  of  the  American  Society  of  Mechanical  Engineers. 

In  response  to  a  letter  on  the  subject,  a  number  of  replies  have  been 
received,  an  abstract  of  which  has  been  compiled,  and  a  copy  of  which 
abstract  is  at  your  service. 

Some  delay  has  occurred  in  communicating  with  you.  This  delay 
has  been  occasioned  by  the  illness  and  death  of  our  late  President,  Mr. 
Ashbel  Welch,  who  was  chairman  of  the  committee  having  this  particu- 
lar matter  in  charge,  and  who  was  about  to  call  upon  and  consult  with 
you  when  prevented  by  his  last  illness. 

A  number  of  the  gentlemen  interested  in  this  subject  recently  met, 
and  after  considering  all  the  suggestions  that  had  been  received,  brought 
into  practical  shape  a  general  programme,  which  the  Vice-President  of 
this  Society  informally  submitted  to  you  a  few  days  since.  In  accord- 
ance with  your  suggestion  at  that  time,  there  is  presented  to  you  here- 
with this  programme. 

Programme. 

Congress  has  appropriated  the  sum  of  ten  thousand  dollars  for  *'  car- 
ing for,  preserving,   using  and    operating   the    United  States  Testing 
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Machine  at  the  Watertown  Arsenal  "  for  the  fiscal  year  ending  June  30, 
1883. 

In  order  to  produce  the  largest  immediate  results  with  the  small 
amount  appropriated,  we  suggest  that  the  investigation  be  limited  this 
year  to  the  compression  members  of  structures,  and  that  co-operation  be 
invited  from  railroad  companies,  bridge  engineers,  architects,  and  manu- 
facturers and  users  of  structural  material  strained  in  compression. 

For  this  purpose  we  suggest  that  the  Ordnance  Department  of  the 
United  States  Army  should  offer  to  pay  the  freight  on  and  to  test  dupli- 
cate compression  members,  either  from  structures  which  such  parties 
may  have  in  progress  of  construction,  or  special  shapes  prepared  for  this 
purpose,  provided  the  same  be  furnished  free  of  further  cost. 

If  the  parties  will  cause  to  be  manufactured  one  or  more  duplicate 
compression  parts  from  each  bridge  or  structure  which  they  may  under- 
take hereafter,  or  will  furnish  special  shapes,  varying  in  proportions, 
preferably  in  series  from  twenty  to  sixty  diameters,  and  varying  by  in- 
crements of  five  diameters  ;  or  if  they  will  manufacture  special  shapes 
which  they  desire  to  have  tested  ;  if  they  will  also  furnish  at  least  three 
small  or  hand  specimens  of  the  same  material,  prepared  as  indicated  in 
the  note  below  ;*  if  they  will  place  these  parts  and  pieces,  free  of  cost, 
on  board  of  some  transportation  line,  obtaining  the  lowest  available  rate 
of  freight  to  Watertown  Arsenal,  and  notify  the  Chief  of  Ordnance  of 
the  particulars  of  shipment,  also  furnishing,  so  far  as  they  can,  a  state- 
ment of  the  composition  of  the  metal  and  its  process  of  manufacture, 
and  a  diagram  showing  the  position  the  member  is  intended  to  hold  in 
the  structure,  and  the  computed  strain  it  is  expected  to  bear,  that  then 
the  Ordnance  Department  will  : 

1 .  Pay  the  freight  on  the  shipment  from  the  initial  point  to  Water- 
town  Arsenal. 

2.  Test  the  compression  pieces  in  due  course,  as  well  as  the  hand 
specimens. 

3.  Account  to  the  shipper  for  the  value  of  the  scrap,  if  required, 
when  the  same  is  sold,  or  return  the  same  to  the  shipper,  if  preferred, 
paying  the  freight  from  Watertown, 

4.  Furnish  the  shipper  an  early  special  report  of  results  of  the  tests 
of  all  pieces  sent  by  him,  giving  him  an  opportunity  of  sending  a  second 
piece  to  cover  any  defects  that  may  have  occurred. 

*  These  three  or  more  small  or  hand  specimens  to  be  of  the  same  material  as  the  com- 
pression member  furnished  ;  to  be  rectangular,  and  to  be  reduced  to  one-half  of  one  square 
inch  in  area  of  section  ;  to  be  of  the  same  thickness  as  that  i^sed  in  the  construction  of  the 
member,  unless  that  thickness  should  exceed  one  inch,  in  which  case  the  small  specimen  is 
to  be  reduced  to  oue  inch. 

It  is  desired  as  far  as  practicable  to  shape  these  specimens  from  pieces  ol  the  same  section 
as  those  composing  the  member,  preserving  the  surfaces  as  they  come  from  the  rolls,  except- 
ing the  removal  of  the  outer  scale. 

The  length  of  these  specimens  should  be  two  feet. 
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5.  Furnish  the  American  Society  of  Civil  Engineers  promptly,  for 
publication  and  distribution,  full  copies  of  all  tests  and  information  ob- 
tained therefrom. 

Respectfully  submitted, 

W.  H.  Paine, 
Vice-President  Am.  Soc.  G.  E. 
John  Bogart, 
Secretary  Am.  Soc,  C.  E. 

General  Ben^t  then  printed  that  programme  in  full,  and  issued  it 
with  the  following  letter  upon  the  first  ]3age: 

Okdnance    Office,      ) 

Wae  Department,  v 

Washington,  January  19,  1883.  ) 

Dear  Sir:  The  last  Army  Appropriation  Bill,  in  the  item  appro- 
priating $10  000  "for  caring  for,  preserving,  using  and  operating  the 
*'  U.  S.  Testing  Machine  at  the  Watertown  Arsenal,"  provided  as  fol- 
lows: 

"And  the  Chief  of  Ordnance  shall  give  attention  to  such  programme 
"  of  tests  as  may  be  submitted  by  the  American  Society  of  Civil  Engi- 
"  neers,  and  the  record  of  such  tests  shall  be  furnished  said  Society,  to 
"  be  by  them  published  at  their  own  expense." 

In  the  furtherance  of  this  object  the  Society  of  Civil  Engineers  have 
addressed  to  me  the  accompanying  letter.  I  concur  fully  with  the 
Society  in  the  terms  of  their  programme,  believing  them  to  be  most 
equitable,  in  view  of  the  small  appropriation  now  available. 

If  parts  and  pieces,  free  of  cost,  are  placed  on  board  of  some  trans- 
portation line,  and  sent  to  the  Watertown  Arsenal,  Watertown,  Mass. ,  at 
the  lowest  rate  of  freight,  &c. ,  &c-,  furnishing  this  office  a  statement  of 
the  composition  of  the  metal  and  the  process  of  manufacture,  &c.,  this 
Department  will  pay  the  freight,  test  the  pieces,  account  for  scrap, 
furnish  early  reports  to  the  sender,  and  to  the  Society  of  Civil  Engineers 

for  publication. 

Very  respectfully. 

Your  obedient  servant, 

S.  V.  Benet, 

Brig. -Gen.,  Chief  of  Ordnance. 

The  above  programme  and  letter  have  been  sent  by  the  Chief  of  Ord- 
nance to  every  member  of  the  American  Society  of  Mechanical  Engineers, 
the  American  Institute  of  Mining  Engineers,  and  of  this  Society,  and 
also  to  officers  of  railroads,  and  to  manufacturers  of  structural  materials. 

A.  P.  Boller. — It  is  extremely  important  that  such  columns  as  may 
be  sent  should  conform  to  a  series,  that  had  best  be  arranged  by  the 
committee,  so  as  to  induce  harmony  in  the  experiments.  Isolated  col- 
umns yield  no  positive  information,  further  than  for  precisely  similar 
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cases.  The  experiments,  to  have  a  real  working  value,  should  be  so  con- 
ducted as  to  permit  of  systematic  generalization,  or  they  will  prove  of 
very  little  account. 

Chakles  E.  Emery. — That  programme  indicates  a  series. 

The  Secretary.  — It  particularly  speaks  of  a  series. 

A.  P.  Boller. — I  did  not  so  understand  the  programme  while  being 
read.  The  idea  I  wish  to  emphasize  is,  that  the  committee  should  so 
communicate  with  the  manufacturers  that  all  parties  may  work  on 
a  uniform  system.  So  that  all  comparisons  between  the  productions  of 
various  manufacturers  shall  be  absolutely  on  the  same  basis. 

Theodore  Cooper. — In  regard  to  the  point  of  originating  and  carry- 
ing out  tests,  I  am  prepared  to  endorse  it,  but  as  to  Mr.  Chanute's  sug- 
gestion of  framing  a  general  programme,  I  want  to  object.  The  worst 
of  it  with  our  past  committees  was  that  they  wore  out  all  their  energies 
with  programmes.  Let  us  get  the  tests  that  we  started  out  to  obtain 
actually  made,  then  go  before  Congress  and  stand  on  the  results  we  can 
show.  It  is  wasting  our  energies  by  asking  for  programmes.  Such  a 
course  will  get  us  nothing. 

O.  Chanute. — I  did  not  propose,  when  suggesting  a  committee  to 
prepare  a  programme,  such  a  programme  as  Mr.  Cooper  has  discussed 
and  opposed.  My  idea  was  much  more  limited.  In  order  that  we  may 
not  get  more  or  less  discordant  results,  we  should  each  of  us  send  different 
duplicate  members  of  the  structures  which  we  are  building.  Otherwise 
the  result  will  be  a  want  of  homogeneousness  in  the  experiments ;  and  my 
idea  as  to  the  committee  is  that  it  should  endeavor  to  bring  about  such 
concert  of  action  among  the  various  parties  who  may  contribute  speci- 
mens as  to  leave  no  great  gaps  in  the  experiments.  This  may  be  effected 
either  by  requesting  the  contributors  to  select  such  compression  members 
as  to  form  harmonious  series  of  tests,  or,  as  I  put  it  to  the  members  of 
Congress,  by  obtaining  specimens  which  will  fill  up  the  missing  links, 
at  the  expense  of  the  Government. 

There  is  one  point  of  view  so  important  that  I  cannot  insist  on  it  too 
often.  It  is  that  we  should  endeavor  before  the  next  session  of  Congress 
to  show  some  practical  results  from  what  experiments  have  been  tried, 
and  that  some  general  deduction  should  be  drawn  from  these  experiments 
in  order  to  show  their  value. 

Theodore  Cooper. — There  is  one  point  about  the  appropriation  of 
$10  000.  That  appropriation  is  for  this  year  only.  It  expires  on  the  1st 
of  July.  Now  the  first  duty  that  should  be  urged  upon  the  manufact- 
urers is  to  get  their  materials  to  be  tested  forwarded  inside  of  the  year — 
otherwise  we  can  get  no  benefit  from  them. 

A.  P.  BoLiiER.— That  was  the  view  I  had,  and  my  idea  was  that  with 
a  little  energy  the  whole  series  of  specimens  of  iron,  steel,  &c. ,  could  be 
got  to  Watertown  in  a  very  short  time,  aud  the  results  of  the  tests  of  the 
series  would  soon  show. 
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Charles  E.  Emery. — Is  the  appropriation  for  the  present  year  ? 

The  Secretary. — Ten  thousand  dollars  for  each  year;  but  there  is  a 
large  amount  of  work  to  be  done  with  the  Watertown  machine  outside 
of  that  which  we  suggest  to  them.  There  is  certain  Government  work 
which  will  use  up  part  of  the  $10  000.  It  is  to  be  used  in  testing  mate- 
rials, &c.,  for  Government  purposes.  Nevertheless,  I  know  that  the 
Chief  of  Ordnance  desires  as  much  as  possible  of  the  money  to  be 
applied  to  the  prosecution  of  the  programme  proposed. 

A.  P.  BoLLiER. — The  Board  is  fully  empowered  to  act. 

The. Secretary. — The  Board  has  power  now,  but  I  am  sure  that  the 
Board  will  listen  gladly  to  the  suggestions  made  here  this  evening. 

Charles  E.  Emery, — I  have  not  had  experience  in  this  particular 
direction,  but  I  have  made  experiments  in  two  entirely  different  branches 
of  experimental  research.  I  hoped  to  get  at  some  results,  but  the  fact 
was  that  experiments  were  made  in  such  a  way  that  it  was  necessary  to 
reject  very  many,  and  in  this  case,  if  individuals  are  to  send  specimens 
made  in  accordance  with  their  particular  hobbies,  then  in  our  Proceed- 
ings there  will  be  such  a  mass  of  evidence  that  it  will  be  hard  to  digest 
it.  It  seems  to  me  that  some  programme  should  be  fixed  upon,  and  that 
rather  than  do  nothing,  the  work  should  be  confined  to  some  particular 
thing;  for  instance,  say  to  columns  formed  of  independent  straight  mem- 
bers, connected  by  lattice  work.  That  may  not  be  the  best  subject,  but 
the  point  I  wish  to  enforce  is,  that  while  it  may  be  well  to  allow  this 
individual  action  to  cover  the  ground  in  the  general  interest,  yet  some 
particular  thing  should  be  set  before  them.  I  would  suggest  to  the 
committee,  but  not  move  to  give  instructions  definitely,  that  special 
efforts  be  directed  to  effect  a  series  of  experiments  of  tests  on  columns. 

The  Chair  (Vice-President  William  H.  Paine). — I  would  like  to 
make  a  remark.  When  this  subject  of  a  programme  came  up  before  the 
gentlemen  that  were  invited  to  meet  here  and  discuss  the  various  letters 
that  had  been  received,  and  which  had  become  voluminous,  there  were 
a  good  many  things  to  be  thought  of.  For  instance,  there  was  only 
$10  000  appropriated — a  part  of  the  year  had  already  past.  They  were 
obliged  to  call  for  contributions  either  of  money  or  materials  to  test, 
and  if  they  were  very  particular  and  only  called  for  some  definite  shapes 
and  sizes  they  feared  that  they  might  fail  to  get  parties  to  give  freely 
without  cost  to  the  Society  or  to  the  Government.  This  subject  was 
thought  of  a  great  deal  by  the  committee.  Our  late  President  made  a 
study'  of  it.  The  trouble  was  to  reduce  the  programme  to  a  size  com- 
mensurate with  the  small  amount  of  work  that  could  be  done  this  year. 
I  think  Mr.  Welch's  ideas  were  that  as  we  advanced  we  would  enlarge 
our  programme,  and  would  have  it  grow  from  year  to  year.  Mr. 
Chanute  has  represented  Mr.  Welch's  ideas  in  the  main,  but  I  do  not 
think  he  intended  to  say  that  a  very  large  programme  should  now  be 
jnade  out  to  cover  all  future  action. 
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It  seems  necessary  that  we  should  have  some  results  so  as  to  move 
Congress,  but  this  alone  will  only  reach  certain  members  of  Congress, 
and  that  number  will  be  very  small.  Some  will  only  be  influenced  by 
personal  appeals,  and  every  member  should  use  his  influence  to  that  end. 
I  believe  we  ought  to  educate  those  members  up  to  the  importance  of 
the  movement. 

There  are  members  in  the  West  who  are  evidently  opposed  to  us. 

T.  C.  Clakke. — Members  of  Congress? 

The  Chair. — Yes,  certainly,  members  of  Congress,  not  members  of 
the  Society,  in  the  West,  who  are  opposed  to  us,  and  I  think  we  ought 
to  make  them  better  acquainted  with  the  subject. 

R.  L.  Hakkis. — These  remarks  seem  to  be  pertinent.  There  was  a 
circular  sent  out  a  year  ago  requesting  every  member  to  speak  to  their 
representatives  in  Congress  on  this  question.  I  was  traveling  at  the 
time,  and  wherever  I  went  I  spoke  to  members  of  the  Society  about  this 
matter,  who  promised  to  speak  to  the  representatives  in  Congress  from 
the  district  to  which  they  belonged.  If  this  thing  was  carried  out,  it 
seems  to  me,  Mr.  President,  that  it  would  produce  good  and  wide-spread 
results. 

The  following  resolution  was  then  offered  by  Mr.  Chanute,  and  sec- 
onded: 

"■Resolved,  That  it  is  the  sense  of  this  meeting  that  a  special  commit- 
tee of  five  should  be  appointed  by  the  Board  of  Direction  to  prepare  and 
promote  such  a  programme  of  tests  of  structural  material  as  to  secure 
the  best  results  possible  from  the  Watertown  Arsenal  Experiments." 

Theodore  Cooper. — This  is  proposing  a  committee  to  prepare  a 
programme.  I  suggest  that  it  be  confined  to  carrying  out  the  pro- 
gramme already  adopted  by  the  Society. 

The  Chair.  —  The  resolution  has  been  regularly  seconded. 

On  a  vote  it  was  adopted. 

April  4th,  1883. — The  Society  met  at  8  p.  m..  Director  George  S. 
Greene,  Jr.,  in  the  chair;    John  Bogart,  Secretary. 

The  Secretary  announced  the  progress  of  arrangements  for  the 
approaching  Convention  to  be  held  at  St.  Paul  and  Minneapolis,  Minn., 
beginning  June  20th,  1883. 

Ballots  were  canvassed,  and  the  following  candidates  declared  elected: 
As  Members,  Thomas  Appleton,  Council  Grove,  Kansas;  O.  H.  P.  Cor- 
nell, Schenectady,  N.  Y. ;  George  H.  Elliott,  Norfolk,  Va. ;  Orville  Grove, 
Houston,  Texas;  William  G.  Williamson,  Martinsville,  Va.  As  Juniors, 
Frank  L.  Fuller,  Boston,  Mass. ;  Hunter  McDonald,  Nashville,  Tenn. 

The  death,  at  3  a.  m.  of  the  morning  of  this  meeting,  of  Mr.  Peter 
Cooper,  was  announced  by  Mr.  Charles  Macdonald,  M.  Am .  Soc.  C.  E. , 
who  said,  in  addition,  that  it  was  hardly  necessary  at  this  moment  to 
speak  as  to  the  merits  of  Mr.  Cooper.  It  is  sufiicient  for  us  to  remem- 
ber him  as  a  man  deeply  interested  in  the  application  of  science;  a  man 
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who  should]  be  recognized  as  having  done  more  to  educate  men  up  to 
what  true  science  is  than  any  other  man  in  the  United  States,  or  in  the 
world  at  large. 

He  has  been  a  public  benefactor,  not  only  to  men  who  seek  a  higher 
education,  and  work  with  their  brains  alone,  but  to  working  men  gener- 
ally— men  who  work  with  their  hands  and  brains.  I  move  that  an 
appropriate  notice  be  entered  on  the  minutes  of  this  Society. 

The  motion,  being  seconded,  was  put  and  carried. 

A  paper  by  G.  Y.  Wisner,  M.  Am.  Soc.  C.  E. ,  on  Geodetic  Field 
Work,  was,  in  the  absence  of  the  writer,  read  by  the  Secretary,  and  dis- 
cussed by  Messrs.  Croes,  Geo.  S.  Greene,  Jr. ,  Haight  and  Prindle. 

April  18th,  1883. — The  Society  met  at  8  p.  m.,  Vice-President  Wil- 
liam H.  Paine  in  the  chair;  John  Bogart,  Secretary,  The  deaths  were 
announced  of  Mr.  John  Collinson  James,  M.  Am.  Soc.  C.  E.,  of  Winne- 
peg,  Manitoba,  and  of  Mr.  Simeon  Sheldon,  M.  Am.  Soc.  C.  E.,  of 
Cleveland,  Ohio. 

A  paper  by  the  late  William  R.  Morley,  M.  Am.  Soc.  C.  E. ,  on  the 
Proper  Compensation  for  Railway  Curves  on  Grades,  was  read  by  the 
Secretary,  and  discussed  by  Messrs.  Chanute,  T.C.  Clarke,  Emery,  Forney, 
North,  William  H.  Paine,  C.  D.  Ward  and  L.  B.  Ward. 

OF  THE  BOARD  OF  DIRECTION. 

March  7th,  1883. — Applications  were  considered.  Financial  business 
was  transacted. 

March  14th,  1883. — Upon  the  report  of  the  special  committee,  trans- 
mitting correspondence  with  Messrs.  Fteley  and  Stearns,  joint  authors  of 
the  paper  to  which  the  Norman  Medal  for  the  past  year  was  awarded,  and 
also  with  the  Superintendent  of  the  Mint  at  Philadelphia,  it  was  deter- 
mined that  one  gold  medal  of  the  full  ordinary  value  should  be  struck 
and  inscribed  with  the  names  of  the  joint  authors,  and  that  two  certifi- 
cates should  be  engrossed  stating  the  fact  of  the  joint  award,  and  one  of 
these  certificates  should  be  presented  to  each  of  the  authors.  The 
special  committee  upon  the  arrangement  of  the  conditions  and  mode  of 
award  of  the  Rowland  Prize  instituted  by  the  Society  reported  that, 
after  consultation  with  Mr.  T.  F.  Rowland,  M.  Am.  Soc.  C.  E. ,  a  set  of 
regulations  had  been  prepared,  which  were  presented  and  adopted. 
These  are  published  upon  another  page  of  these  proceedings.  A  state- 
ment was  then  presented  as  to  the  arrears  due  from  members;  and  five 
members,  to  whom  proper  notification  had  been  addressed  more  than  six 
months  previous  to  this  date,  and  now  still  in  arrears,  were  dropped 
from  the  roll  of  the  Society.  In  the  case  of  all  other  members  whose 
dues  are  unpaid  previous  to  those  for  the  current  year,  the  notification 
prescribed  in  the  constitution  was  ordered  sent.  Appropriations  were 
made. 
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Apbil  4th,  1883. — Applications  were  considered.  The  Secretary  an- 
nounced the  preliminary  arrangements  for  the  Convention,  as  made  by 
correspondence.  These  were  approved,  and  the  Secretary  authorized  to 
perfect  the  arrangements. 

April  11th,  1883. — Ordinary  routine  business  transacted. 

Apkii.  13th,  1883. — 'Arrangements  for  the  Convention  reported  by 
the  Secretary  were  considered. 

April  18th,  1883. — Additional  arrangements  for  the  Convention  were 
made.     Financial  business  was  transacted,  and  appropriations  made. 


CONTRIBUTIONS  TO  THE  BUILDING  FUND. 

By  a  resolution  of  the  Board  of  Direction,  all  contributions  to  the 
Building  Fund  are  to  be  acknowledged,  from  time  to  time,  by  printing 
lists  of  the  same  in  the  monthly  Proceedings  of  the  Society,  and  in 
addition  to  this  the  names  of  all  those  who  may  subscribe  $100  or  more 
are  to  be  regularly  enrolled  and  published  in  future  lists  of  the  Society 
under  the  head  of  Subscribers  to  the  Building  Fund,  and  they  will  be 
entitled  to  receive  one  copy  of  the  monthly  publications,  comprising  all 
papers  and  Transactions  of  the  Society,  regularly,  for  life,  for  each  $100 
subscribed  by  them  ;  such  copies  to  be  in  addition  to  those  which  they 
may  be  already  entitled  to  if  they  are  Members  or  Fellows. 

The  following  contribution   is  acknowledged    in  addition  to  those 
heretofore  noted  : 
Arthur  Brown $100  00 


THE  ROWLAND  PRIZE. 


CODE  OF   RULES  FOR  ITS  AWARD. 

Not  more  than  one  prize  shall  be  awarded  each  year  for  papers  pre- 
sented during  the  year.  The  medal  year  shall  terminate  on  the  first  day 
of  August,  and  the  award  shall  be  announced  at  the  annual  meeting  in 
January. 

The  prize  shall  consist  of  fifty  dollars  in  cash. 

The  award  shall  be  made  by  a  committee  consisting  of  the  Secretary 
and  two  members  of  the  Society,  to  be  appointed  by  the  Board  of  Di- 
rection. 

The  prize  shall  be  awarded  to  such  paper  as  the  committee  deem 
most  worthy  of  such  recognition,  the  preference  being  given  to  papers 
describing  in  detail  accomplished  works  of  construction,  their  cost  and 
manner  of  execution,  and  the  errors  in  design  and  execution. 
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THE  NORMAN  MEDAL. 


CODE  OF  KULES  FOR  ITS  AWARD. 

I.  — Competition  for  the  Norman  Medal  of  the  American  Society  of 
Civil  Engineers  shall  be  restricted  to  members  of  the  Society. 

II.— There  shall  be  one  gold  medal,  and  only  one,  struck  for  each 
and  every  fiscal  year  of  the  Society,  and  awarded  as  hereinafter  pro- 
vided. The  dies  therefor  shall  be  with  the  Superintendent  of  the 
United  States  Mint  at  Philadelphia,  in  trust  exclusively  for  the  above 
purpose.  Such  medal  shall  be  of  a  cost  equal  to  the  annual  interest 
received  upon  $1  000  of  the  Consolidated  Stock  of  the  City  of  New 
York,  Certificate  No.  179,  of  the  additional  new  Croton  Aqueduct  Stock 
of  the  City  of  New  York,  authorized  by  an  Act  of  the  Legislature  of  the 
State  of  New  York,  Chap.  230,  passed  April  15th,  1870,  dated  November 
17th,  1873,  now  held  in  trust  by  the  Treasurer  of  this  Society,  and  so 
held  solely  for  this  purpose,  and  shall  be  executed  upon  his  order. 

III. — All  original  papers  presented  to  the  Society  by  members  of  any 
class,  during  the  year  for  which  the  medal  is  awarded,  shall  be  open  to 
the  awards,  provided  that  such  papers  shall  not  have  been  previously 
contributed  in  whole  or  in  part  to  any  other  association,  nor  have 
appeared  in  print  prior  to  their  publication  by  the  Society,  nor  have  been 
presented  to  the  Society  in  any  previous  year. 

IV. — The  Board  of  Censors  to  award  the  medal  shall  consist  of  three 
members  of  the  Society,  to  be  designated  by  the  Board  of  Direction. 
The  Secretary  of  the  Society  shall  act  as  Secretary  to  the  Board  of 
Censors. 

V. — The  medal  shall  be  awarded  to  such  paper  as  the  said  Board  shall 
judge  to  be  worthy  of  special  commendation  for  its  merits  as  a  contribu- 
tion to  engineering  science,  not  merely  relatively  as  compared  with 
others  presented  during  the  same  year,  but  as  exhibiting  the  science, 
talent  or  industry  displayed  in  the  consideration  of  the  subject  treated 
of,  and  for  the  good  which  may  be  expected  to  result  from  the  discussion 
and  the  inquiry. 

VI. — In  case  no  paper  presented  during  the  year  shall  be  deemed  of 
sufficient  value  to  receive  an  award,  the  amount  of  the  interest  of  the 
fund  for  that  year  shall  be  expended  by  the  Board  of  Direction  in  the 
purchase  of  books,  to  be  ofifered  as  a  premium  for  the  second  best  paper 
in  the  next  year  in  which  more  than  one  paper  of  sufficient  value  may  be 
presented. 

VII. — The  medal  year  shall  terminate  on  the  first  day  of  August,  and 
the  award  shall  be  announced  at  the  annual  meeting. 

VIII. — The  Treasurer  of  this  Society  shall  cause  the  medal  to  be 
prepared  and  delivered  to,  or  deposited  to  the  order  of,  the  successful 
competitor,  within  two  months  after  the  annual  meeting  at  which  the 
same  shall  have  been  awarded. 
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LIST    OF    MEMBERS 


ADDITIONS 
MEMBERS. 


Date  of  Election. 

Elliott,  George  H U.  S.  Ass't  Engineer,  Norfolk,  Va April    4,   1883. 

Gates,  Horace  D Bernice,  Churchill  Co.,  Nevada March  7,  1883. 

Lehlbach,  Gustav (Care  of  S.  G.   Babcock  &  Co.,)   500 

Broome  St.,  New  York  City,  N.  Y.March  7,  1883. 
Williamson,  William  G.Res.    Engineer,    Danville    and    New 

River  R.  R.,  Martinsville,  Va.... March  7,  1883. 

JUNIORS. 

Haskins,  William  J Cor.  One  Hundredth  and  Thirty-fifth 

St.  and  Gd.  Boulevard,  New  York 

City,  N.  Y April  4,    1883. 

McDonald,  Hunter Ass't  Engineer,Nashville,  Chattanooga 

and    St.    Louis    R'y,    Nashville, 

Tenn April    4,   1883. 


CHANGES     AND     CORRECTIONS. 
MEMBERS. 

Bergen,  Van  Brunt Bay  Ridge,  Kings  Co.,  N.  Y. 

BoNNYN,  Wm.  WiNGFiELD.P.  O.  Box  100,  Halifax,  N.  S. 

Bradley,  William  H 53  Devonshire  St.,  Boston,  Mass. 

Calkins,  Frank  A 27  East  One  Hundred  and  Thirty-second  St.,  New 

York  City,  N.  Y. 
Crowell,  J.  Foster Engineer  Cons.,  P.  R.  R.,  Broad  St.    Station,  Room 

8,  Philadelphia,  Pa. 
Cunningham,  David  W.  .  .Grandin,  Traill  Co.,  Dakota. 
Earley,  John  E Chief    Engineer,    Mexican   Central  R.  R.,   El  Paso, 

Texas. 

Frazier,  James  L Sup't  C.  O.  and  S.  W.  R.  R.,  Louisville,  Ky. 

Fuller,  Sidney  T 35  East  Newton  St.,  Boston,  Muss. 

Gilbert,  Charles  P 288  Park  St.,  Detroit,  Mich. 

Ludlow,    William Water  Department,  Philadelphia,  Pa.     ^ 

McCoLLOM,  Thomas  C 57  Dwight  St.,  Boston,  Mass. 

McCrea,   James Manager  P.  C.  and  St.  L.  R'wy,  Columbus,  Ohio. 

MoRss,    Foster 12  Insurance  Building,  New  Haven,  Conn. 

Nicholson,  George  B ....  Eng'r  South.  Div.  N.    O.    and  N.  E.  R.  R.,  34  St. 

Charles  St.,  New  Orleans,  La. 
Noble,  Alfred Ains worth,  Washington  Territory. 
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Prevost,  Sutherland M .   Gen.  Sup't  P.  R.  R.,  Altoona,  Pa. 

Safford,  Edward   S Div.  Eng.,  N.   Y.,  W.  S.  and  B.  R.  E.,  22  W.  Seneca 

St.,  Buffalo,  N.  Y. 
Sanderson,  J.  Gardner.  .229  Broadway,  Room  13,  New  York  City,  N.  Y. 

Simpson,  GeorCxE  H 369  West  Twenty-third  St.,  New  York  City,  N.  Y. 

Smith,  Charles  A Amesbury,  Mass. 

Smith,  W.  Harrison 19  Park  Ave.,  Rochester,  N.  Y. 

Wimmee,  Sebastien Erie  and  W.  V.  R'3%  Scranton,  Pa. 

juniors. 

FercxUson,  John  W N.  Y.,  L.   E.  and  W.  R.  R.,  187  West  St.,  New  York 

City,  N.  Y. 
Lafon,  Thomas Ass't  Eng'r,  Ferro  Carril  Champerico  y  Sententrional, 

Champerico,  Guatemala,  C.  A. 
Stevens,  Horace  E (Care  of  Robinson  &  Cary, )  St.  Paul,  Minn. 


deaths. 

James,  John  Collinson.  ..Elected  Member  March  1,  1876.     Died  February  27, 

1883. 
Morse,  James  Otis   (Past    Secretary    and     Treasurer   of     the    Society). 

Elected  Member  February  9,  1853.     Died  March 

8,  1883. 
Sheldon,  Simeon Elected   Member  February  5,  1873.     Died  March  4, 

1883. 


Immcan  Socidg  of  |;ml   Jn^ineera. 


I^ROOEEOINaS. 


Vol.   IX.— May,    I883. 


MINUTES     OF     MEETINGS 


(Abstract  of  such  as  may  be  of  general  interest   to  members.) 


OF  THE  SOCIETY. 


May  2d,  1883.— The  Society  met  at  8  p.  m.,  Vice-President  Wm.  H. 
Paine  in  the  chair;  John  Bogart,  secretary.  Ballots  for  membership 
were  canvassed,  and  the  following  candidates  declared  elected:  George 
H.  Benzenberg,  Milwaukee,  Wis.;  Judson  W.  Bishop,  St.  Paul,  Minn.; 
Frank  L.  Griswold,  Lagos,  Mexico;  E-andell  Hunt,  Fargo,  Dakota; 
Francis  W.  Kimball,  Minneapolis,  Minn. ;  Charles  J.  Poetsch  (elected 
Junior  May  4,  1881),  Milwaukee,  Wis.;  Arthur  L.  Scott,  Milwaukee, 
Wis. ;  David  C.  Shepard,  St.  Paul,  Minn. ;  Jared  C.  Smith,  Indianapolis, 
Ind. ;  George  H.  White,  Minneapolis,  Minn. ;  as  Junior,  George  A. 
Lederle,  Bismarck,  Dakota. 

The  death  of  Milton  Courtwright,  F.  Am.  Soc.  C.  E.  (elected 
Fellow  June  11,  1870,  died  April  25,  1883),  was  announced. 

A  paper  by  J.  A.  L.  Waddell,  M.  Am.  Soc.  C.  E.,  subject:  "Sug- 
gestions as  to  the  Conditions  proper  to  be  required  in  Highway  Bridge 
Construction,"  was,  in  the  absence  of  the  writer,  read  by  the  Secretary, 
and  discussed  by  Messrs.  Cooper,  Macdonald  and  Haight. 
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May  16th,  1883.— The  Society  met  at  8  p.  m.,  Vice-President  Wm.  H. 
Paine  in  the  chair;  John  Bogart,  Secretary.  A  piece  of  the  frame  of  the 
United  States  steam  transport  Maple  Leaf,  sunk  in  the  St.  Johns  River, 
Florida,  April  1st,  1864,  and  raised  February,  1883,  was  presented, 
through  J.  Fras  Le  Baron,  Esq.,  M.  Am.  Soc.  C.  E.  The  wood  (pine) 
was  in  excellent  condition.  There  were  also  presented  interesting  pho- 
tographs from  Capt.  C.  B.  Sears,  M.  Am.  Soc.  C.  E. ,  Corps  of  Engineers, 
U.  S.  A.,  showing  the  construction  of  the  hydraulic  graders  now  in  use 
by  the  Mississippi  River  Commission  for  grading  caving  banks  previous 
to  revetting. 

Detailed  announcements  were  made  as  to  the  Convention  to  be  held 
at  St.  Paul  and  Minneapolis,  beginning  June  19th,  1883. 

The  paper  recently  published  in  Transactions  ''On  the  Increased 
Efficiency  of  Railways  for  the  Transportation  of  Freight,"  was  discussed 
at  length  by  Mr.  O.  Chanute,  and  also  by  Messrs.  Cooper,  Forney,  Emery, 
Hamilton  and  Shinn. 

Mr.  F.  J.  Cisneros,  M.  Am.  Soc.  C.  E. ,  who  recently  visited  the  Isth- 
mus of  Panama,  presented  an  informal  statement  of  the  progress  of  the 
work  upon  the  Panama  Ship  Canal.  He  stated  that  the  purchase  of  the 
Panama  Railroad  by  the  Canal  Company  seemed  to  promise  most  excel- 
lent results,  and  suggested  that  proper  methods  in  the  management  of 
the  railroad,  and  lower  charges  for  both  freight  and  passengers,  would 
certainly  increase  its  revenue. 

In  reference  to  the  canal  he  said  that  the  line  had  been  completely 
staked,  cross  sections  taken,  and  the  location  made  and  stakes  set  for 
definite  work  for  a  large  portion  of  the  line.  The  line  is  entirely  cleared 
and  grubbed  from  Kilometer  40, to  the  mouth  of  the  Rio  Grande,  and  is 
rapidly  advancing  at  other  points.  The  valley  of  the  Chagres  has  been 
surveyed,  and  it  has  been  found  that  the  high  water  lines  above  the  high 
dam  will  cover  an  area  of  about  6  750  acres,  and  that  the  volume  of  water 
stored  will  be  about  1  000  000  000  cubic  meters.  Actual  work  upon  the 
canal  has  been  commenced  at  six  points.  The  contractors,  Messrs.  Slaven 
&  Co.,  for  dredging  the  canal  from  Colon,  have  their  first  herculean  dredge 
in  place,  and  will  commence  work  directly.  The  Canal  Company  have 
been  working  with  two  French  machines,  at  the  rate  of  1  000  cubic 
meters  per  day  for  each  machine.  The  Franco-American  Trading  Com- 
pany have  contracted  for  the  excavation  of  about  10  kilometers  of  the 
canal  beyond  the  Bay  of  Panama.  Their  machines  are  being  built  at 
Lockport.  There  are  now  about  6  500  men  on  the  work,  chiefly  Jamai- 
cans, Cartagenians,  and  a  few  Martiniqueans. 

Many  dwelling  houses,  machine  shops,  etc.,  have  been  constructed. 
The  machinery  is  both  French  and  American,  and  the  eleven  American 
excavators  are  working  with  great  economy.  Borings  have  been  made 
along  the  whole  line,  and  have  extended  to  the  bottom  of  the  canal,  giv- 
ing in  a  general  way  the  following  results:     From  Colon  to  Kilom  10,  ma- 
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terial  easily  dredged.  From  Mamey  to  Obispo,  mostly  clay,  with  occa- 
sional seams  of  rock.  From  Obispo  to  Emperador,  about  7  kilometers  of 
hard  trap  of  conglomerates.  From  Emperador  to  Paraiso,  about  8  kilo- 
meters, clay  for  about  15  meters,  then  indurated  clay  followed  by  schist, 
and  reaching  rock  near  the  bottom  of  the  canal.  From  Paraiso  to  Pedro 
Miguel,  10  to  12  meters  clay,  followed  by  rock.  From  Pedro  Miguel  to 
the  sea,  mostly  clay  and  mud,  with  the  exception  of  a  few  seams  of  rock. 

Considerable  work  has  been  done  at  the  Port  of  Colon,  including 
the  commencement  of  a  breakwater. 

Much  money  has  been  spent  in  the  purchase  of  materials  for  the 
work,  including  excavators,  dredging  machines  and  portable  track.  The 
company  has  ordered  14  American  locomotives,  of  which  9  are  now  in 
service. 

Hospitals  have  been  erected  at  Panama,  and  the  health  of  the  laborers 
is  very  much  better  than  has  been  generally  understood. 


THE  ROWLAND  PRIZE. 


CODE  OF   RULES  FOR  ITS  AWARD. 

Not  more  than  one  prize  shall  be  awarded  each  year  for  papers  pre- 
sented during  the  year.  The  medal  year  shall  terminate  on  the  first  day 
of  August,  and  the  award  shall  be  announced  at  the  annual  meeting  in 
January. 

The  prize  shall  consist  of  fifty  dollars  in  cash. 

The  award  shall  be  made  by  a  committee  consisting  of  the  Secretary 
and  two  members  of  the  Society,  to  be  appointed  by  the  Board  of  Di- 
rection. 

The  prize  shall  be  awarded  to  such  paper  as  the  committee  deem 
most  worthy  of  such  recognition,  the  preference  being  given  to  papers 
describing  in  detail  accomplished  works  of  construction,  their  cost  and 
manner  of  execution,  and  the  errors  in  design  and  execution. 
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THE    NOJRMAN    MEDAL. 


CODE  OF  KULES  FOE  ITS  AWAKD. 

I.  —  Competition  for  the  Norman  Medal  of  the  American  Society  of 
Civil  Engineers  shall  be  restricted  to  members  of  the  Society. 

II. — There  shall  be  one  gold  medal,  and  only  one,  struck  for  each 
and  every  fiscal  year  of  the  Society,  and  awarded  as  hereinafter  pro- 
vided. The  dies  therefor  shall  be  with  the  Superintendent  of  the 
United  States  Mint  at  Philadelphia,  in  trust  exclusively  for  the  above 
IJurjDOse.  Such  medal  shall  be  of  a  cost  equal  to  the  annual  interest 
received  upon  ^1  000  of  the  Consolidated  Stock  of  the  City  of  New 
York,  Certificate  No.  179,  of  the  additional  new  Croton  Aqueduct  Stock 
of  the  City  of  New  York,  authorized  by  an  Act  of  the  Legislature  of  the 
State  of  New  York,  Chap.  230,  passed  April  15th,  1870,  dated  November 
17th,  1873,  now  held  in  trust  by  the  Treasurer  of  this  Society,  and  so 
held  solely  for  this  purpose,  and  shall  be  executed  upon  his  order. 

III.  — All  original  papers  presented  to  the  Society  by  members  of  any 
class,  during  the  year  for  which  the  medal  is  awarded,  shall  be  open  to 
the  awards,  provided  that  such  papers  shall  not  have  been  previously 
contributed  in  whole  or  in  part  to  any  other  association,  nor  have 
appeared  in  print  prior  to  their  publication  by  the  Society,  nor  have  been 
presented  to  the  Society  in  any  previous  year. 

TV. — The  Board  of  Censors  to  award  the  medal  shall  consist  of  three 
members  of  the  Society,  to  be  designated  by  the  Board  of  Direction. 
The  Secretary  of  the  Society  shall  act  as  Secretary  to  the  Board  of 
Censors . 

V. — The  medal  shall  be  awarded  to  such  paper  as  the  said  Board  shall 
judge  to  be  worthy  of  special  commendation  for  its  merits  as  a  contribu- 
tion to  engineering  science,  not  merely  relatively  as  compared  with 
others  presented  during  the  same  year,  but  as  exhibiting  the  science, 
talent  or  industry  displayed  in  the  consideration  of  the  subject  treated 
of,  and  for  the  good  which  may  be  expected  to  result  from  the  discussion 
and  the  inquiry. 

yi. — In  case  no  j^aper  presented  during  the  year  shall  be  deemed  of 
sufl&cient  value  to  receive  an  award,  the  amount  of  the  interest  of  the 
fund  for  that  year  shall  be  expended  by  the  Board  of  Direction  in  the 
jDurchase  of  books,  to  be  offered  as  a  premium  for  the  second  best  paper 
in  the  next  year  in  which  more  than  one  paper  of  sufficient  value  may  be 
presented. 

YII. — The  medal  year  shall  terminate  on  the  first  day  of  August,  and 
the  award  shall  be  announced  at  the  annual  meeting. 

VIII. — The  Treasurer  of  this  Society  shall  cause  the  medal  to  be 
prepared  and  delivered  to,  or  deposited  to  the  order  of,  the  successful 
competitor,  within  two  months  after  the  annual  meeting  at  which  the 
same  shall  have  been  awarded. 
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LIST    OF    MEMBERS. 


ADDITIONS 
MEMBERS. 


Date  of  Election. 

Benzenbekg,  George  H..City  Engineer,  Milwaukee,  Wis May  2,  1883. 

Bishop,  Judson  W St.  Paul,  Minn 

Hunt,  Eandell .  .    .City  Engineer,  Fargo,  Dakota "  " 

PoETscH,  Charles  J (Elected  Junior,  May  4,  1881.)     Ass't 

City  Engineer,  Milwaukee,  Wis.         "  " 

Scott,  Arthur  H. Ass't  City  Engineer,  Milwaukee,  Wis.         "  " 

Shepard,   David    C St.  Paul,   Minn 

Smith,  Jaeed  A Major   Corp  of  Engineers,    U.  S.  A., 

Indianapolis,  Ind "  " 

White,  George  H Engineer's  Office  Chicago,  Milwaukee 

&  St.  Paul  Railway,  Minneapolis, 

Minn 


junior. 


Lederle,  George  A. 


(Care   George    S.  Morison),    35    Wall 
Street,  New  York  City,  N.  Y.    . 


May  2,   1883. 


FELLOW. 

Lawler,  John Prairie  du  Cliien,  Wis April  28,  1883. 


CHANGES    AND     CORRECTIONS. 
MEMBERS. 

Coffin,   William  B Div.  Sup't  Western  Div.  N.  Y.,  L.  E.  &  W.  11.  R., 

Hornellsville,  N.  Y. 

Forsyth,  Robert 75  Honore  Block,  Chicago,  111. 

GiELOw,  Henry  J Savvy erville,  Hale  County,  Ala. 

Gordon,  Robert (Care  H.  S.  King),  Jt5  Pall  Mall,  London,  Eng. 

Maclay,  William  W Ass't  Engineer,  Department  of  Docks,  119  Duane  St., 

New  York  City,  N.  Y. 
Mansdn,  Maksden Cb.  Engineer  State  Board  Harbor   Commissioners, 

10  California  St.,  San  Francisco,  Cal. 
Pickett,  William  D.    .   ,  .Franc,  Sweetwater  Co.,  Wyoming. 
Post,  James  C Capt.  Corps  Engineers,    U.    S.  A.,  82   West  Tbird 

Streot,   Cincinnati,  Ohio. 

RiNECKER,  Francis Wuerzburg,  Germany. 

Ross,  James Manager  Nortb  American  Railway  Contracting  Co., 

Winnipeg,  Manitoba. 
Savage,  Albert  C Land  Dep't  G.  H.  &  S.  A.  R.  R.,  El  Paso,  Texas. 
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Shreve,  Samuel  H The  Winchester,  cor.  Broadway  and  31st  Street,  New 

York  City,  N.  Y. 

Weik,  Charles  G Cheyenne,  Wyoming. 

White,  W.  Howard.         .  (Care  Baring  Bros.  &  Co.),  Liverpool,  England. 
WuRTELE,  A.  S.  C Ass't  Engineer  D.  and  H.  C.  Co.,  60  Chestnut  Street, 

Albany,  N.  Y. 

ASSOCIATE. 

Harris,  Charles  M 12  Cortlandt  Street,  New  York  City,  N.  Y. 

JUNIORS. 

Gates,  C.  L Engineer  Milwaukee  Bridge  andiron  Works,  Mil- 
waukee,  Wis. 

Loweth,  Charles  F Room  16,  Drake  Block,  St.  Paul,  Minn. 

Rosenweig,  Alfred (Care  Herman  Rossler),  Calle  Cadena,  No.  5,  Mexico, 

Mex. 

DEATH. 

CouRTWRiGHT,  MiLTON. .  .  .Elected  Fellow,  June  11,  1870.     Died  April  25,  1883. 
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PROCEEDINaS 


Vol.    IX.— June,  1883. 
MINUTES  OP  MEETINGS. 

(Abstract  of  such  as  may  be  of  general  interest  to  members.) 


ANNUAL  CONVENTION  OF  THE  SOCIETY, 

Held  in  the  Cities  of  St.  Paul  and  Menneapolis,  Minn.,  on  the  19th, 
20th,  21st  and  22d  of  June,  1883. 


FIRST  SESSION. 


Tuesday,  June  19th,  1883. — The  Convention  met  in  the  Hall  of 
Representatives  in  the  State  Capitol  Building  at  St.  Paul,  at  10.30  a.  m., 
and  was  called  to  order  by  Mr.  John  Bogart,  Secretary  of  the  Society, 
who  said  : 

I  am  requested  by  the  Board  of  Direction  to  say  to  the  Society  that 
the  President,  Mr.  Chas.  Paine,  deeply  regrets  that  he  is  unable  to  be 
here.  He  is  the  General  Manager  of  a  railroad  which  is  just  opened, 
aad  has  most  uaexpectedly  been  prevented  from  coming. 

The  permanent  organization  of  the  Convention  is  to  be  secured  by 
the  election  of  a  Chairman  from  among  members,  not  officers,  of  the 
Society  ;  but  for  the  temporary  organization,  I  am  requested  by  the 
Board  of  Direction  to  nominate  one  of  the  officers  of  the  Society,  who 
will  temporarily  take  the  Chair.  The  Governor  of  the  State  and  the 
Mayor  of  this  city  will  then  address  the  Convention,  and  afterwards  the 
permanent  organization    will  be  effected.     On  behalf  of  the  Board  of 
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Direction  I  request  Mr.  George  S.  Greene,  Jr.,  of  New  York,  Director 
of  the  Society,  to  take  the  Chair. 

Mr.  George  S.  Greene,  Jr.,  then  took  the  Chair. 

The  Chair. — I  now  beg  to  introduce  to  the  Convention  General  J. 
W.  Bishop,  M.  Am.  Soc.  C.  E.,  Chairman  of  the  Local  Committee. 

General  Bishop. — Gentlemen  of  the  Convention  :  I  take  this  oppor- 
tunity to  say,  on  behalf  of  the  Local  Committee,  that  we  have  tried  to 
arrange,  so  far  as  we  could  foresee  your  requirements,  everything  for 
the  convenient  transaction  of  your  business  and  some  recreation  for 
your  leisure  hours.  I  would  be  glad  of  any  suggestions  from  any 
member  or  officer  of  the  Society  that  may  aid  us  in  properly  carrying 
out  this  desire. 

We  hope  your  visit  here  may  be  pleasant  and  satisfactory,  and  if  we 
can  think  that  when  you  return  you  will  have  only  pleasant  memories  of 
the  Convention  here,  we  will  be  abundantly  satisfied. 

I  have  the  pleasure  of  introducing  to  the  Convention  Governor  Hub- 
bard, the  Governor  of  the  State  of  Minnesota. 

Governor  Hubbard. — Gentlemen  of  the  American  Society  of  Civil 
Engineers  :  It  is  with  very  great  pleasure  that  I  greet  you  on  this 
occasion  and  welcome  you  to  our  State.  We  feel  highly  honored  by 
the  presence  in  our  midst  of  so  distinguished  a  representation  of  your 
high  profession,  and  we  embrace  the  opportunity  afforded  us  of  ten- 
dering to  you  the  hospitalities  of  our  people.  It  is  our  desire,  gentle- 
men, to  extend  to  you  a  welcome  not  to  be  measured  by  the  weak 
phrases  in  which  it  may  be  expressed,  but  rather  one  that  shall  cause 
each  of  you  to  feel,  despite  the  distances  you  may  have  come  or  the 
sacrifices  of  time  and  trouble  involved,  that  you  are  glad  to  be  with  us, 
and  shall  wish  to  extend  your  visit  to  the  utmost  possible  limit. 

Oar  entire  country,  and,  indeed,  the  interests  of  civilization  through- 
out the  world,  recognize  in  the  efforts  and  achievements  of  your  pro- 
fession, the  most  important  element  in  their  progress  and  development. 
The  great  Northwest  presents  a  spacious  field  and  inviting  opportuaities 
for  the  exercise  of  engineering  skill  in  the  construction  and  operation 
of  our  railways,  in  the  improvement  and  utilization  of  our  water-ways, 
and  in  the  development  of  many  other  of  our  material  interests.  We 
shall  expect,  therefore,  gentlemen,  to  profit  much  scientifically  by  your 
presence  and  deliberations  here,  as  well  as  socially  by  friendly  inter- 
course with  you  personally. 

As  your  hosts,  ladies  and  gentlemen,  we  shall  expect  you  to  avail 
yourselves  fully  of  the  facilities  that  may  be  offered  to  make  your  visit 
pleasant ;  and  we  repeat  a  welcoma  which  we  believe  you  will  vea.\iz,e  is 
earnest  and  heartfelt  before  you  shall  have  bid  us  adieu. 

The  Chairman />ro  tern.,  Mr.  George  S.  Greene,  Jr. — Your  Excel- 
lency: In  the  necessary  and  unavoidable  absence  of  our  President,  it  has 
been  allotted  to  me  to  make  reply  to  the  kind  welcome  which  you  have 
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just  spoken.  In  this  common  misfortune,  I  assure  you,  and  all  here, 
of  my  profound  sympathy. 

When  we  were  considering  where  to  hold  the  Convention  of  1883, 
we  were  promised  that  if  we  would  come  to  this,  the  commercial  centi-e 
of  the  new  Northwest  and  the  geographical  centre  of  our  great  conti- 
nent, we  should  be  hospitably  received  and  handsomely  treated  ;  but, 
so  far  as  we  have  gone,  from  our  experience  and  from  what  we  hear  is 
prepared  for  us,  we  think  that  "  not  the  half  was  told  us." 

In  behalf  of  the  Society,  and  for  them,  I  beg  to  tender  to  you,  and 
to  all  those  who  are  to  assist  you  in  receiving  and  entertainin  •  us,  the 
most  hearty  and  sincere  thanks  of  the  American  Society  of  Civil  En- 
gineers. 

Ladies  and  gentlemen,  I  now  have  the  honor  of  presenting  to  you 
Mayor  O'Brien,  the  Mayor  of  the  city. 

Mayor  O'Brien. — Ladies  and  gentlemen  of  the  Society  of  Civil 
Engineers:  I  have  great  pleasure,  indeed,  in  welcoming  you  upon 
behalf  of  the  City  of  St.  Paul.  The  advent  of  your  Society  here  is  an 
occasion  that  fills  us  with  the  greatest  pleasure,  and  I  assure  you 
we  shall  try  to  leave  nothing  undone  to  make  your  visit  a  welcome  one 
and  a  pleasant  recollection  to  yourselves. 

It  is  peculiarly  appropriate  to  my  mind  that  your  Society  should 
have  selected  this  city  and  this  State  as  the  place  for  holding  your  Con- 
vention, for,  indeed,  I  think  you  will  see  around  you  evidences  of  the 
fact  that  it  is  to  your  profession  that  this  State  is  indebted  in  great  part, 
and  our  cities  almost  altogether,  for  their  present  prosperity. 

By  means  of  that  magnificent  enterprise,  the  Northern  Pacific  Eail- 
road,  inaugurated  and  carried  almost  to  a  successful  termination  by 
your  profession,  our  frontier  has  been  pressed  northward  almost  to  the 
limits  of  vegetation  in  the  vicinity  of  the  North  Pole.  By  reason  of  the 
application  of  your  science  to  the  waters  of  the  Mississippi,  the  magnifi- 
cent water  power  at  St.  Anthony  Falls  has  been  preserved  from  its  en- 
croachments upon  itself,  and  the  forces  of  nature,  warring  against  each 
other  there,  have  been  placed  under  tribute  and  control.  And  in  our 
own  city  you  will  have  an  opportunity  of  observing  how  the  tangled 
pathways  and  ravines  of  the  Indian  and  the  prehistoric  man  have  been 
changed  to  open  avenues  of  commerce  and  of  pleasure.  You  have 
touched  the  mountains  and  our  bluffs,  and  they  have  crumbled  away  ; 
you  have  laid  your  hands  upon  our  rivers,  and  they  have  become  the 
broad  arteries  of  commerce  and  of  civilization. 

I  couldn't  make  a  set  speech  if  I  tried.  It  is  rather  hard  talking  in 
cold  blood,  but  I  honestly  and  sincerely  feel  that  among  the  duties  I 
have  to  fulfill  towards  the  city  of  St.  Paul  none  gives  me  greater  pleasure 
than  to  welcome  you,  gentlemen.  And  I  do  so  the  more  readily  for,  ac- 
cording to  my  recollection,  about  the  last  honest  work  I  did  myself 
was  holding  a  level-rod  in  a  surveying  party.     And  I  have  the  additional. 
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but  somewhat  painful,  pleasure  of  saying  that  in  the  eminent  gentlemen 
who  surround  me  here  I  can  see  the  error  of  my  early  days,  and  from 
the  appearance  that  the  members  of  your  Society  present  and  the  work 
that  you  are  doing,  I  can  see  how  much  better  it  would  have  been  for 
me  to  have  remained  an  honest  engineer  than  to  have  become  an  un- 
fortunate lawyer,  winding  up  with  the  Mayoralty  of  the  city  of  St. 
Paul. 

But,  sometimes,  when  we  are  most  happy,  our  feelings  are  best  ex- 
pressed in  jest. 

That  you  have  the  best  wishes  of  our  citizens,  we  will  shortly  advise 
you,  I  think,  so  that  you  will  believe  it.  That  you  have  our  respect^ 
and  that  your  profession  is  entitled  to  the  highest  respect,  no  man  can 
gainsay,  A  profession  that  commences  its  history  in  the  United  States 
with  the  honored  name  of  Washington,  and  builds  such  monuments  as 
that  magnificent  structure,  the  Brooklyn  Bridge,  needs  no  encomium 
from  me  or  from  any  other  speaker. 

Gentlemen,  we  thank  you  for  your  presence  here  ;  we  thank  you  for 
the  work  that  your  profession  has  done  for  this  State,  and  we  expect 
that  in  the  future  the  work  of  your  profession  here  will  leave  among  us 
as  lasting  monuments  as  those  which  you  have  left  in  other  places  in 
the  country. 

The  Chairman  pro  tern. ,  Mr.  George  S.  Greene,  Jr.  — The  next  busi- 
ness in  order  is  the  nomination  of  a  Chairman  of  the  Convention,  in  ac- 
cordance with  a  provision  of  the  constitution,  which  the  Secretary  Avill 
please  read. 

The  Secretary  (reading). — "A  Convention  of  the  Society  for  pro- 
fessional discussion  and  social  intercourse  shall  be  held  annually  at  such 
place  as  the  Society  may  determine,  and  be  presided  over  by  a  Chair- 
man selected  from  among  members  not  officers  of  the  Society." 

In  accordance  with  the  custom  of  our  previous  Conventions,  the 
Chairman  of  the  Convention  has  been  selected  from  among  members 
living  at  or  near  the  locality  at  which  the  Convention  is  held,  and  upon 
the  nomination  of  the  Local  Committee.  I  am  instructed  by  the  Chair- 
man of  the  Local  Committee  to  nominate  as  permanent  Chairman 
of  this  Convention  Mr.  D.  C.  Shepard,  of  this  city,  member  of  the 
Society. 

The  CUiairman  pro  tem.,  Mr.  George  S.  Greene,  Jr. —Gentlemen, 
you  have  heard  the  nomination  for  Chairman  of  the  Convention;  those 
in  favor  of  Mr.  Shepard's  nomination  will  please  say  aye,  contrary 
minded,  nay.  Mr,  Shepard  is  declared  unanimously  to  be  the  C])air- 
man  of  the  Convention. 

Mr.  D.  C.  Shepard. — Gentlemen  of  the  Society:  I  am  at  a  loss  fitly 
to  express  my  appreciation  of  the  honor  bestowed  in  selecting  me  as  the 
presiding  officer  of  your  Convention.  Probal)ly  no  assemblage  has  ever 
convened  within  the  limits  of  our  State  whose  members  have  exerted 
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more  influence  upon  the  growth  and  development  of  our  country  than 
those  of  this  Society.  The  civil  engineer  of  to-day  is,  in  fact,  the 
pioneer  of  civilization.  And  in  this  young  and  flourishing  State  you 
will  be  able  to  contemplate  some  of  the  magnificent  results  of  your  handi- 
work. 

Begging  the  indulgence  of  the  Convention  for  my  want  of  experience 
as  a  presiding  officer,  I  now  call  the  Convention  to  order  for  the  trans- 
action of  regular  business. 

The  Secretary  then  made  announcements  as  to  the  papers  to  be  pre- 
sented, and  as  to  the  visits  to  be  made  to  poiilts  of  interest  in  St.  Paul 
during  the  afternoon.  He  also  read  invitations  from  a  number  of  rail- 
way companies  tendering  free  transportation  over  their  lines.  He  also 
presented  an  invitation  from  Major  Alexander  Mackenzie,  Corps  of  En- 
gineers U.  S.  A. ,  for  an  excursion  upon  the  Mississippi  and  St.  Croix 
rivers  to  Stillwater,  Minn.,  which  invitation  was  accepted,  and  the  time  of 
the  excursion  fixed  for  Saturday,  June  23d.  He  also  presented  an  in- 
vitation from  the  Hon.  W.  D,  Washburn,  of  Minneapolis,  for  a  steam- 
boat excursion  upon  Lake  Minnetonka,  on  Wednesday  evening,  which 
invitation  was  accepted.  He  also  presented  a  communication  from  the 
Engineers'  Club  of  Minnesota,  tendering  an  escort  daily  to  such  mem- 
bers of  the  Society  as  desired  to  visit  points  of  interest  in  the  city  of 
Minneapolis. 

A  paper  was  then  read  by  Lieut.  -Col.  Fra.ncis  U.  Farquhar,  Corps  of 
Engineers,  U.  S.  A.,  M.  Am.  Soc.  C.  E.,  upon  the  "Preservation  of  the 
Falls  of  St.  Anthony."  The  paper  was  discussed  by  Messrs.  C.  G.  Force, 
P.  A.  Peterson,  and  Col.  Farquhar. 

A  paper  was  then  read  by  Mr.  Charles  E.  Emery,  M.  Am.  Soc.  C.  E., 
on  the  "Cost  of  Steam  Power." 


SECOND  SESSION. 


June  20th,  1883. — The  Convention  reassembled  at  St.  Paul  at  10.30 
A.  M.,  and  was  called  to  order  by  Mr.  D.  C.  Shepard,  Permanent 
Chairman. 

The  paper  read  the  previous  day  on  "  The  Cost  of  Steam  Power  "  was 
discussed  by  Messrs.  James  B.  Francis,  E.  D.  Meier,  J.  F.  Holloway, 
Joseph  P.  Frizell  and  Charles  E.  Emery. 

The  paper  read  the  previous  day  on  "  The  Preservation  of  the  Falls 
of  St.  Anthony  "  was  discussed  by  Major  Charles  J.  Allen,  Corps  Engi- 
neers, U.  S.  A.,  and  Messrs.  F.  Collingwood,  Charles  Hermany,  Charles 
E.  Emery  and  J,  J.  R.  Croes. 

A  paper  was  then  read  by  Dr.  T.  Egleston,  M.  Am.  Soc.  C.  E.,  on 
"An  Accident  to  Steam  Pipes  arising  from  the  Use  of  Blast  Furnace 
Wool,"  and  was  discussed  by  Messrs.  Charles  E.  Emery  and  T.  Egleston. 

A  paper  was  then  rea  1  by  Mr.  John  Lawler,  F.  Am.  Soc  C .  E. ,  on 
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"Kailway  Pontoon  Bridges,"  and  was  discussed  by  Messrs.  William  P. 
Shinn,  D .  J.  Whittemore,  Joseph  P.  Frizell  and  John  Lawler. 

A  paper  was  then  read  by  Mr.  G.  Lindenthal,  M.  Am.  Soc.  C.  E. , 
on  the  "  Kebuilding  of  the  Monongahela  Bridge  in  Pittsburgh,  Pa., '^ 
and  was  discussed  by  Messrs  F.  CoUingwood,  T.  Egleston  and  G. 
Lindenthal. 


THIRD    SESSION. 


June  21st,  1883. — The  Convention  reassembled  at  St.  Paul  at  10.30 
A.  M.,  and  was  called  to  order  by  Mr.  D.  C.  Shepabd,  Permanent 
Chairman . 

A  paper  was  then  read  by  Mr.  Joseph  P.  Frizell,  M.  Am.  Soc.  C.  E. , 
on  "The  Water  Power  of  the  Falls  of  St.  Anthony,"  and  was  discu.ssed 
by  Messrs.  N.  M.  Edwards,  F.  P.  Stearns,  F.  CoUingwood,  James  B. 
Francis  and  Joseph  P.  Frizell. 

A  paper  was  then  presented  by  Mr.  F.  P.  Stearns,  M.  Am.  Soc.  C.  E., 
on  the  "Current-Meter,  together  with  a  reason  why  the  maximum  ve- 
locity of  the  water  flowing  in  open  channels  is  below  the  surface."  This 
paper  was  discussed  by  a  number  of  the  members,  in  the  office  of  the 
United  States  Engineers,  in  the  same  building,  during  the  continuance 
of  other  business  of  the  Convention. 

A  paper  was  then  read  by  Captain  O.  E.  Michaelis,  Ordnance  De- 
partment U.  S.  A.,  M.  Am.  Soc.  C.  E.,  upon  " Metrological  Investiga- 
tions." 

A  paper  was  then  read  by  Mr.  D.  J.  Whittemore,  M.  Am.  Soc.  C.  E., 
upon  the  "  Use  of  the  Nasymith  Steam  Pile  Driver,"  and  was  discussed 
by  Messrs.  T .  Egleston  and  D.  J.  Whittemore . 

The  Convention  then  took  a  recess,  during  which  a  meeting  of  the 
Society  was  held  for  the  transaction  of  business,  the  record  of  which 
will  be  found  below. 

After  the  adjournment  of  the  business  meeting,  the  session  of  the 
Convention  was  resumed,  Mr.  D.  C.  Shepard  in  the  chair. 

A  paper  by  Mr.  Benjamin  Reece,  M.  Am.  Soc.  C.  E.,  on  "Railway 
Track  Repairs,"  was  read  by  title. 

A  paper  by  Mr.  J.  Putnam,  Assoc.  Am.  Soc.  C.  E.,  on  the  "  Cause  of 
Decay  in  Timber,"  was  read  by  title. 

The  following  resolution,  offered  by  Mr.  William  P.  Shinn,  M.  Am. 
Soc.  C.  E. ,  was  seconded  and  adopted  : 

The  American  Society  of  Civil  Engineers,  as  represented  in  its 
Annual  Convention  by  the  largest  attendance  yet  had  at  any  of  its  con- 
ventions, desires  to  express  its  appreciation  of  the  facilities  furnished 
and  courtesies  extended,  for  the  edification  and  entertainment  of  the 
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members  and  ladies  accomjjanying  them,  who  hereby  place  upon  record 
their  appreciation   thereof,    and  tender   their  sincere  thanks  : 

To  the  Western  Society  of  Engineers  and  its  Committee,  and  to  the 
Pulloaan  Palace  Car  Company,  the  Chicago  and  Atlantic  Railway  Com- 
pany, the  Chicago  Cable  Street  Railway  Company,  the  Chicago  and 
Western  Indiana  Railway  Company,  and  to  Messrs.  Baumann  &  Lotz,  for 
courtesies  extended  during  their  stay  in  Chicago  ; 

To  the  Chicago,  Milwaukee  and  St.  Paul  Railway  Company,  and  the 
St.  Paul,  Minneapolis  and  Manitoba  Railway  Company  and  their  officers, 
for  the  special  trains  and  unusual  facilities  aflforded  by  them  ; 

To  the  Chicago,  St.  Paul,  Minneapolis  and  Omaha  Railway  ;  the 
Chicago  and  Northwestern  Railway;  the  Minneapolis,  Lyndale  and 
Minnetonka  Railway  ;  the  St.  Paul  and  Diiluth  Railway  ;  the  Canadian 
Pacific  Railway;  the  Northern  Pacific  Railway;  the  Minneapolis  and  St. 
Louis  Railway;  the  Wisconsin  Central  Railway,  for  the  transportation 
so  freely  and  courteously  offered ; 

To  the  Local  Committees  of  St,  Paul  and  Minneapolis,  for  the  com- 
plete arrangements  made  by  them  for  making  our  visit  agreeable  and 
instructive ; 

To  the  Governor  of  the  State  of  Minnesota  and  the  Mayors  of  St. 
Paul  and  Minneapolis,  for  their  kind  expressions  of  the  welcome  so 
generously  extended  by  the  citizens  of  the  two  cities; 

To  the  Engineers'  Club  of  Minnesota,  for  their  attention  and  escort 
to  members  of  the  Society  in  visiting  numerous  points  of  engineering 
interest; 

To  Major  Alexander  Mackenzie,  XJ.  S.  A.,  for  the  excursion  tendered 
upon  the  Mississippi  and  St.  Croix  rivers  ;  and  to  the  citizens  of  Still- 
water, Minn.,  for  the  invitation  to  visit  that  city; 

To  General  W.  D.  Washburn,  for  the  excursion  so  generously  ten- 
dered us  on  Lake  Minnetonka; 

To  the  Chairman,  Mr.  D.  C.  Shepard,  for  his  services  in  presiding 
over  our  deliberations,  realizing  as  we  do  that,  in  the  great  Northwest 
especially,  time  is  money; 

And  to  the  reporters  of  the  city  press,  for  the  full  and  fair  reports  of 
the  proceedings  of  the  Convention  ;  therefore, 

Resolved,  That  the  Secretary  of  the  Society  be,  and  he  is  hereby, 
instructed  to  forward  to  all  the  parties  named,  and  to  all  others  to  whom 
we  are  indebted  for  courtesies  and  facilities,  suitably  engrossed  expres- 
sion of  our  thanks  for  their  courtesy. 


FOURTH  SESSION. 

June  22d,  1883. — The  Convention  met  at  the  Opera  House,  Minne- 
apolis, at  10:30  a,  m.     The  Secretary  announced  that  Gen.  Charles  F. 
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Hatch,  Chairman  of  the  Local  Committee  at  Minneapolis,  had  been 
selected  by  that  committee  to  preside  at  this  meeting.  Gen.  Hatch,  on 
taking  the  chair,  welcomed  the  members  of  the  Society  to  the  city,  and 
introduced  the  Hon.  H.  E,  Rand,  ex-Mayor  of  Minneapolis. 

Hon.  H.  E.  Rand  then  said: 

Ladies  and  Gentlemen, — In  the  absence  of  the  Mayor  of  the  city,  the 
pleasing  duty  has  been  assigned  me  to  welcome  you.  Though  the 
Chairman  of  the  meeting  has  already  done  so,  I  am  also  glad  to  do  it, 
and  I  know  that  I  speak  for  every  member  of  the  committee  which  has 
the  pleasure  of  entertaining  you,  and  at  the  same  time,  as  I  have  been 
delegated  the  power,  I  extend  the  hospitality  and  entire  freedom  of  the 
city  to  you,  and  I  do  not  mean  to  do  it  in  a  conventional  sense  at  all,  but 
with  all  that  the  Avords  imply.  We  are  glad  to  see  you.  We  feel  that 
the  city  of  Minneapolis  is  honored  by  the  presence  here  of  a  delegation 
so  largely  representative  of  all  parts  of  the  country. 

I  think  the  citizens  of  Minneapolis  will  never  forget  how  much  of  its 
material  prosperity  is  due  to  one  of  the  members  of  your  Society.  To 
a  kind  Government  which  furnished  the  means,  and  to  the  genius  and 
brains  of  Col.  Farquhar,  very  much  of  the  prosperity  of  the  citj'^  of 
Minneapolis  as  it  exists  today  is  justly  attributable. 

I  am  not  prepared  to  make  you  a  long  address.  I  could  simply  re- 
echo the  sentiments  already  advanced,  that  we  welcome  and  are  glad  to 
have  you  here. 

The  Chuirman,  Gen.  ChaelesF.  Hatch. — In  the  unavoidable  absence 
of  the  President  of  the  Society,  I  am  requested  to  say  that  the  Board  of 
Direction  has  requeste(i  Director  William  Metcalf  to  make  an  address. 

Mr.  W1L.LIAM  Metcalf,  Director  Am.  Soc.  C.  E.,  then  said: 

Your  Honor, — You  may  well  believe  that  no  one  regrets  more  than 
myself  the  unavoidable  absence  of  our  President. 

In  the  effort  to  return  the  thanks  of  our  Society  for  your  cordial 
welcome  and  magnificent  reception,  words  fail  to  express  the  sentiments 
of  our  overflowing  hearts.  The  impressions  made  by  your  noble  hospi- 
tality will  remain  indelible  and  precious  memories,  through  time  and  on 
into  eternity. 

It  is  the  rule  and  custom  of  our  Society,  that  we  have  at  our  Annual 
Convention  a  review  of  the  engineering  progress  of  the  year.  Failing 
that  on  this  occasion,  the  mind  turns  naturally  for  a  theme  to  the  engi- 
neering progress  of  the  Mississippi  Valley,  where  we  find  ourselves  so 
happily  placed  to  day. 

The  Mississippi  Yalley,  from  Central  Pennsylvania  and  Western  New 
Y'ork,  stretching  down  the  Allegheny  Mountains  until  they  sink  in  the 
plains  of  Georgia;  from  far-away  Montana,  along  the  grand  sweep  of 
the  Rocky  Mountains,  down  to  Texas,  this  great  valley  embraces  an  area 
so  vast  and  interests  so  diverse  and  numerous,  that  the  mind  shrinks  in- 
stinctively from  an  effort  to  grasp  such  a  theme,  and  condense  it  into  the 
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limits  allowed  us  to-day.  We  must  limit  ourselves,  then,  to  the  Missis- 
sippi River,  and  the  more  immediate  surroundings  of  that  part  which  we 
have  come  to  visit  now. 

We  of  the  East  are  apt  to  think  of  this  as  a  young  country;  we  speak 
of  the  progress  made  in  our  time  as  something  remarkable,  and  as  illus- 
trative of  the  great  energy  of  our  people  in  the  development  of  new 
territory.  New  territory!  What  do  the  records  say?  Away  back  of  the 
age  of  Plato,  back  of  the  antiquities  of  Egypt,  far  back  of  all  written 
records,  a  great  race  of  civilized  people,  coming  from  the  South,  spread 
themselves  over  the  whole  of  this,  the  greatest  valley  of  the  earth. 
Happy  homes  were  established,  industries  were  pursued,  arts  flourished, 
armies  were  organized  and  great  fortifications  were  erected.  The  latter, 
standing  to-day  complete  in  their  outlines,  give  us  our  best  clue  to  the 
works  and  character  of  the  men  of  that  age.  Spreading  from  the  Gulf 
to  the  sliores  of  Lake  Superior,  they  have  left  everywhere  traces  of  their 
work,  and  from  these  we  learn  that  they  were  men  of  industry,  of 
courage,  and  of  progress. 

They  show,  too,  that  there  were  engineers  in  that  day,  who,  like  the 
engineers  of  our  time,  were  men  of  thought  and  men  of  might.  These 
people  were  swept  away  from  this  valley  by  one  of  the  great  unrecorded 
catastrophes  of  the  human  race,  and  modern  men  found  only  their 
works  to  show  their  presence  in  former  times,  in  a  country  inhabited 
from  that  time  until  ours  by  wild  beasts  and  wilder  Indians,  who  prac- 
ticed none  but  the  most  primitive  arts,  and  who  knew  no  progress. 

In  recorded  times  we  have,  first,  the  invasion  by  the  Spaniards,  who, 
guided  by  the  lust  of  gold,  and  governed  on  a  system  of  irresponsible 
tyranny,  came  only  to  conquer  and  destroy,  and  gained  no  lasting  pos- 
session of  the  priceless  heritage  that  lay  open  to  their  hands. 

Next  came  the  French,  who,  not  possessing  the  colonizing  faculty, 
have  left  us  a  few  pretty  names  only,  as  memories  of  their  once  having 
seen  this  promised  land. 

They  were  followed  by  the  English,  who  might  have  done  great 
things  if  Brother  Jonathan  had  not  stepped  in  with  other  views,  and 
possessed  the  land  for  his  own  noble  purposes. 

Possibly  the  powers  and  energies  of  the  Atlanteans,  together  with 
their  history  in  dim  traditions  and  myths,  have  descended  in  direct  lines 
to  us,  and  we  find  ourselves  here  to-day  in  the  wonder-land  of  our  own 
forefathers. 

The  engineering  progress  to  be  considered  now,  is  that  of  less  than  a 
century .  Many  of  us  in  our  boyhood  read  in  Astoria  and  the  Adventures 
of  De  Joinville  of  a  wondrous  land,  where  the  bounteous  hand  of  nature 
so  distributed  her  gifts  that  conntless  herds  roamed  in  peace  and  plenty 
the  year  through;  where  whole  prairies  of  beautiful  wild  flowers  put  to 
shame  the  best  efforts  of  our  skilled  florists;  where  the  heats  of  summer 
were  tempered  by  cool  breezes  from   the  far-off  mountains  and  great 
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lakes,  and  the  rigors  of  winter  were  moderated  by  a  dry  atmosphere  and 
the  most  glorious  sunshine. 

Even  as  late  as  in  the  time  of  the  lamented  General  Custer,  his  re- 
ports abound  in  descriptions  of  the  same  beautiful  country,  where  he 
and  his  brave  troops  followed  the  Indians,  riding  through  miles  of 
prairie,  up  to  their  saddle  girths  in  wild  flowers  of  surpassing  beauty. 

Many  of  us  have  not  worn  out  these  early  impressions;  and  have 
come  out  with  visions  of  wild  beauty  in  our  minds.  Beauty  we  find  in- 
deed everywhere,  but  the  wildness  is  gone. 

We  find  ourselves  in  the  midst  of  the  highest  cultivation;  and  the 
mighty  railroad  kings  of  the  West  have  opened  for  us  free  passes  to  all 
that  lies  beyond;  have  placed  at  our  disposal  luxurious  coaches  and 
powerful  teams,  and  have  said  to  us,  go  for  yourselves  and  see.  It  is 
the  noble  action  of  men  who  are  conscious  of  their  power,  secure  in 
works  accomplished,  and  full  of  the  gentleness  this  beautiful  land 
inspires. 

We  rub  our  amazed  and  awakening  eyes,  and  ask,  half  unconsciously, 
"  Where  are  we?"  What  is  this  we  have  come  to  see  ?  Where  are  the 
great  prairies  and  the  wonderful  wilds  we  have  had  in  our  minds? 

They  are  here,  and  we  are  in  the  midst  of  them,  but  they  are  tamed, 
and  in  the  hands  of  a  mighty  race,  who  are  rearing  here  a  vast  empire 
of  freedom  and  of  strength. 

The  wild  war  whoop  of  the  savage  has  given  place  to  the  scream  of 
the  steam  whistle  ;  the  prowling  warrior  has  given  way  to  the  active 
man  of  business  and  the  peaceful  and  industrious  cultivator  of  the  soil ; 
the  trail  of  the  buffalo  is  the  track  of  the  iron  horse,  and  the  laugh  of  the 
gentle  Minnehaha  is  drowned  in  the  sweet  music  of  the  fairest  daughters 
of  the  earth. 

The  securing  of  "  standard  time  "  now  agitates  all  of  the  governments 
of  Europe,  and  they  turn  to  America  with  pleas  for  help  ;  but  from 
what  has  occurred  among  us  here,  we  know  that  greater  trembling  is 
soon  to  come  to  those  ancient  potentates  as  they  learn  that  they  have  lost 
the  standard  of  beauty,  which  has  come  with  the  star  of  empire  into  the 
far  west. 

Where  are  we  ? 

Your  down  easter  says  we  are  out  west  Your  down  souther  says  we 
are  up  north.  Your  far  wester  says  we  are  down  east.  Truth  says,  we 
are  in  the  heart  of  the  continent.  From  here  flows  the  life-blood  of  the 
nation. 

The  spindles  and  looms  of  New  England  hum  in  merry  response  to  the 
cry  from  the  west: — We  have  more  people  and  we  want  more  clothes. 

The  toilers  in  the  mills  of  the  Middle  States  work  their  rabbles  more 
rapidly,  rush  their  rolls  and  hammers  to  greater  speeds,  and  rack  the  ears 
of  the  whole  community  with  the  noise  of  their  nail  machines,  in  i  e- 
sponse  to  the  cry  from  the  west  for  more  homes  and  more  tools. 


101 

The  responsive  darkey  in  the  south  picks  his  cotton  and  sings  his 
merry  melodies  in  happy  anticipation  of  the  ham  fat  and  hominy  he  is 
to  get  from  the  Northwest. 

The  hardy  miner  in  the  Sierras  delves  after  the  precious  metals,  and 
gets  them  only  to  pay  them  out  again  to  his  eastern  neighbors  in  return 
for  the  means  to  sustain  life  in  the  barrens  where  his  restless  nature  has 
taken  him. 

Is  there  a  good  crop  in  the  Northwest  ?  The  answer  to  that  question 
aflfects  the  fortunes  of  us  all. 

The  precincts  of  Wall  Street  and  other  money  centres  are  energized, 
excited,  crazed  in  one  case,  or  gloomy,  depressed  and  deserted  in  the 
other. 

The  engineer  brushes  up  his  office,  arranges  his  papers,  informs  him- 
self of  every  new  thing  in  one  case,  or  hunts  up  an  old  coat  and  his  fish- 
ing tackle  in  the  other. 

The  manufacturer  looks  to  his  machinery,  hurries  up  his  repairs, 
lays  in  supplies  and  smilingly  agrees  to  pay  any  wages,  because  the  de- 
mand is  to  be  active  and  food  is  to  be  abundant  and  cheap  ;  or  he  puts 
off  all  improvements,  buys  no  raw  material,  puts  on  a  gloomy  counte- 
nance and  informs  his  operatives  that  they  must  prepare  to  work  half  time 
and  at  the  very  lowest  wages,  because  food  is  to  be  scarce  and  dear. 

But  enough;  a  whole  book  could  be  written  upon  the  far-reaching 
effects  of  the  question  of  the  crop. 

But  we  are  engineers— what  of  engineering  works  and  progress,  what 
have  we  come  to  see  ?  Patience,  friends,  and  we  will  take  a  hasty  glance 
at  our  theme. 

Go  to  the  mouth  of  this  mighty  river  and  you  will  find  there  the 
greatest  jetty  system  in  the  world,  designed  by  one  of  our  members,  to 
control  the  waters  and  give  this  vast  valley  a  sure  and  perpetual  outlet 
to  the  ocean  and  the  world.  A  study  of  that  system  and  its  results  will 
occupy  and  puzzle  the  minds  of  engineers  for  generations  to  come. 

A  little  higher  up  the  river,  we  find  long  systems  of  levees,  built  to 
reclaim  and  protect  thousands  of  square  miles  of  the  richest  lands  for 
the  uses  of  our  people. 

A  little  farther,  at  St.  Louis,  there  is  the  great  steel  arched  bridge, 
which  is  a  triumph  of  engineering  progress,  skill  and  daring. 

Farther,  there  are  a  number  of  great  bridges  of  different  varieties,  all 
worth  studying. 

At  Rock  Island  we  have  an  illustration  of  the  faith  of  the  Government 
in  this  great  valley.  The  immense  arsenal  there,  more  than  a  thousand 
miles  from  the  reach  of  any  foreign  enemy,  is  safe  in  the  midst  of  a  free 
and  happy  people,  and  sure  to  supply,  if  the  need  should  ever  come,  the 
weapons  for  our  defense  against  all  the  world. 

There  too,  yon  will  see  the  care  of  the  Government  for  the  people  in 
the  pursuits  of  peace,  in  the  great  works  which  are  being  carried  out  in 
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improving  the  river  for  the  greater  safety  of  navigation  and  the  increase 
of  commerce. 

Our  immediate  surroundings  form  what  we  know  by  reputation  as  a 
lovely  summer  resort,  but  which  we  find  now  to  be  the  breathing  place 
of  two  great  cities  ;  one  devoted  mainly  to  commerce,  by  its  location  at 
the  head  of  navigation  ;  the  other  engaged  in  manufactures,  by  the  aid  of 
a  great  water-power  ;  the  chief  industry  being  the  furnishing  of  the 
*'  staff  of  life  "  to  the  millions  of  workers  throughout  the  land. 

As  far  as  we  know,  the  only  rivalry  between  these  cities  is  one  of 
glorious  hospitality  and  generosity,  showered  upon  us  in  such  profusion 
that  we  are  lost  in  a  halo  of  happiness. 

Two  cities  did  I  say  ?  That  was  a  great  mistake  ;  we  are  in  the  heart 
of  the  embryo  of  a  great  metropolis  of  the  future  ;  already  we  fancy  the 
laughing  waters  of  Minnehaha  drowned  in  tears  of  woe  at  having  be- 
come the  drain  of  a  great  city,  and  the  beauties  of  the  spot  will  remain 
only  in  the  legends  of  poetry.  The  shores  of  the  beautiful  Minnetonka 
will  be  the  park  of  the  great  public,  and  all  rivalry  shall  cease  where 
true  greatness  has  triumphed. 

We  are  conquered  already,  and  our  hearts  have  gone  out  to  our  hosts 
in  spontaneous  and  unanimous  movement,  in  response  to  their  over- 
whelming kindness. 

Here  we  shall  to-day  inspect  the  great  water-power  of  the  west,  and 
if  the  water-powers  of  Lowell  and  other  places  in  the  east  have  exercised 
the  skill,  employed  the  minds  and  occupied  the  time  of  our  ablest  mem- 
bers, both  in  developing  their  use  and  theorizing  on  their  capacity, 
surely  here  we  shall  find  that  the  engineer,  who  is  ever  the  pioneer  of 
progress,  has  availed  himself  of  the  knowledge  gained  in  the  east  for 
the  benefit  of  the  west,  thus  returning  good  for  good. 

The  white  cotton  coming  from  the  southern  fields  and  through  the 
eastern  mill,  and  sent  to  all  quarters  of  the  earth  to  clothe  the  multitudes, 
is  equaled  and  surpassed  by  the  snowy  white  flour  of  the  west,  which 
goes  equally  to  all  parts  of  the  earth  to  feed  the  toilers  and  sustain  their 
lives 

Thus  we  are  mutually  dependent,  and  all  are  made  happy  by  the 
possession  of  such  unlimited  resources  for  the  building  of  the  nation. 

Upon  us  as  engineers  falls  the  duty  of  knowing,  first,  what  the  dtsvel- 
opment  of  this  nation  demands  for  the  quicker  and  more  economical 
processes  of  production  and  increased  facilities  of  intercourse. 

We  must,  in  our  eastern  offices,  keep  well  informed  as  to  what  the 
manufacturer  can  do  in  the  way  of  furnishing  material,  and  we  must 
know  how  to  adapt  these  materials  to  the  requirements  of  our  brethren 
who  are  working  to  develop  new  fields  in  the  farther  west. 

We  must  cast  our  eyes  still  westward,  and  be  prepared  to  run  over 
greater  j)lains,  scale  or  bore  through  higher  mountains,  and  always  be  in 
the  vanguard  of  progress. 
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Finally,  having  adhered  to  the  high  principles  of  our  forefathers,  and 
left  behind  us  a  great  nation,  prosperous  and  more  happy  because  of  our 
labors  ;  having  reached  the  limit  of  our  westward  progress  and  arrived 
on  the  shores  of  the  great  beyond,  we  must  be  prepared  to  bridge  the 
last  great  chasm  to  the  *' happy  hunting  grounds"  of  the  still  "far 
west." 

There,  my  dear  sir,  we  hope  to  meet  with  you  and  all  of  our  generous 
hosts,  and  hold  forever  in  happy  remembrance  this  joyous  occasion  of 
our  meeting. 

A  paper  by  Mr.  William  P.  Shinn,  M.  Am.  Soc.  C.  E.,  subject,  *'  How 
can  Railways  be  made  more  Efficient  for  the  Transportation  of  Freight?" 
was  then  read  by  the  author. 

The  Convention  then  adjourned. 
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Milwaukee,  Wis.;  Joseph  P.  Frizell,  St.  Paul,  Minn.;  S.  M.  Gray,  Provi- 
dence, R,  I,,  George  S.  Greene,  Jr,,  New  York  City;  F.  Gratf,   Phila- 
delphia, Pa. ;  Charles  E,   Goad,  Montreal,  Canada;  C.   E.   Greene,  Ann 
Arbor,  Mich. ;  C.  L.  Gates,  Milwaukee,  Wis. ;  J,  L,  Gillespie,  St,   Paul, 
Minn.;  Henry  Harding,  Salem,  Mass.;  R.  Hering,  Philadelphia;  James 
H.  Harlow,  Pittsburgh,   Pa.;   W.  P.   Harris,  Hinton,   W.   Va. ;    W.  A. 
Haven,  Buffalo,  N.  Y. ;  W.  M.  Hughes,  Cleveland,  Ohio;  F.  B.  Howard, 
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Detroit,  Mich. ;  S.  A.  Harrison,  Milwaukee,  Wis. ;  Charles  Hermany, 
Louisville,  Ky. ;  M.  G.  Howe,  Houston,  Texas;  Horace  E.  Horton, 
Eochester,  Minn.;  Randell  Hunt,  Fargo,  Dakotah;  L.  M.  Johnson, 
Chicago,  HI.;  M.  W.  Kingsley,  Cleveland,  Ohio;  Wm.  B.  Knight, 
Kansas  City,  Mo. ;  G.  P.  Low,  Gloucester,  Mass. ;  G.  Lindenthal,  Pitts- 
burgh, Pa.;  D.  Jones  Lucas,  Lowellville;  T.  D.  Lovett,  Cincinnati, 
Ohio;  William  H.  Lotz,  Chicago,  HI.;  John  Lawler,  Prairie  du  Chien, 
Wis. ;  Charles  F.  Loweth,  St.  Paul,  Minn. ;  T.  C.  McCoUom,  Boston, 
Mass. ;  T.  H.  McKenzie,  Southington,  Conn. ;  Thomas  C.  Meyer,  Charles 
H.  Myers,  New  York  City;  G.  W.  McNulty,  Brooklyn;  James  Mac- 
Naughton,  Albany,  N.  Y.;  O.  E.  Michaelis,  Henry  G.  Morris,  Philadel- 
phia; William  Metcalf,  Pittsburgh,  Pa.;  D.  E.    McComb,   Washington, 

D.  C. ;  B.  F.  Morse,  Cleveland;  H.  G.  Morse,  Youngstown,  Ohio;  Charles 
MacRitchie,  Chicago;  R.  E.  McMath,  E.  D.  Meier,  Robert  Moore,  St. 
Louis,  Mo. ;  John  MacLeod,  Marshall  Morris,  Louisville,  Ky. ;  R.  C. 
Morris,  Nashville,  Tenn. ;  F.  O.  Norton,  New  York  City;  R.  M.  Newman, 
Minneapolis,  Minn. ;  S.  B.  Opdyke,  New  Haven,  Ct. ;  John  A.  Ockerson, 
St.  Louis,  Mo. ;  F.  C.  Prindle,  Brooklyn,  John  A.  Partridge,  Syracuse, 
N.  Y''. ;  P.  A.  Peterson,  Montreal,  Canada;  George  H.Pegram,  Wilming- 
ton, Ve\.;  Edward  Prince,  Quincy,  HI.;  P.  H.  Philbrick,  Iowa  City, 
Iowa;  Charles  J.  Poetsch,  Milwaukee,  Wis.;  Charles  H.  Prior,  Minne- 
apolis, Minn. ;  Joseph  R.  Richards,  Boston,  Mass. ;  Benjamin  Rhodes, 
Niagara  Falls,  N.  Y''. ;  Percival  Roberts,  Jr.,  Philadelphia,  Pa.;  James  L. 
Randolph,  Baltimore,  Md. ;  Robert  L.  Read,  Cincinnati,  Benjamin 
Reece,  Toledo,  Ohio;  H.  B.  Richardson,  New  Orleans,  La. ;  F.  P.  Stearns, 
Atlantic,  Mass. ;  J.  Gardner  Sanderson,  William  P.  Shinn,  Robert  P. 
Staats,  D.  McN.  Stauflfer,  New  York  City;  F.  Slataper,  Pittsburgh; 
William  H.  Searles,  Beach  Creek,  Pa.;  J.  A.  Smith,  Indianapolis,  Ind. ; 
C.  Shaler  Smith,  St.  Louis,  Mo. ;  Wm.  Sooy  Smith,  Chicago,  III. ;  R.  A. 
Shailer,  Milwaukee,  Wis.;  D.  C.  Shepard,  J.  S.  Sewall,  C.  C.  Smith,  H. 

E.  Stevens,  St.  Paul,  Minn.;  W.J.  Taylor,  Chester,  N.  J.;  E.  Thacher, 
Pittsburgh,  Pa. ;  E .  N .  Kirk  Talcott,  Morgan  Park,  111. ;  John  G.  Van 
Home,  Jersey  City,  N.  J.;  John  D.  Van  Buren,  Jr.,  Newburgh,  N.  Y". ; 
W.  H.  Wiley,  New  York  City;  George  Y.  Wisner,  Detroit,  Mich.;  D. 
W.  Wellman,  St.  Louis;  W.  W.  Walker,  Hannibal,  Mo.;  Samuel 
Whinery,  Meridian,  Miss.;  Don  J.  Whittemore,  Milwaukee,  Wis.;  and 
George  H.  White,  Minneapolis,  Minn . 

Note.  — Eighty  ladies  of  the  families  of  members  accompanied  them 
on  the  occasion  of  this  Convention. 


In  accordance  with  the  request  of  a  number  of  members,  arrange- 
ments were  made  for  the  meeting  at  Chicago,  the  week  previous  to  the 
Convention,  of  such  members  as  desired  to  visit  the  Exposition  of  Rail- 
way Appliances  then  open  in  that  city.  A  large  number  of  members 
took  advantage  of  this  arrangement,  and  on  Friday,  June  15th,  by  the 
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invitation  of  the  Western  Society  of  Civil  Engineers,  a  visit  was  made  to 
the  shops  of  the  Chicago  City  Cable  Railway.  A  special  train  on  State 
Street  was  provided  by  the  kindness  of  the  President  of  the  Railway 
Company,  who,  after  the  arrival  at  the  shops,  personally  explained  the 
working  of  the  Street  Railway  Cable  System,  then  in  active  operation. 
The  party  then  proceeded  to  the  station  of  the  Chicago  and  Western 
Indiana  Railway,  and  thence  by  the  Chicago  and  Atlantic  Railway  to  the 
town  of  Pallman,  where  the  works  of  the  Pullman  Palace  Car  Company 
and  the  remarkable  town  itself  were  visited.  On  Saturday,  June  16th, 
under  the  same  escort,  a  trip  was  made  to  the  Inlet  Crib  upon  the  lake, 
and  to  other  points  of  interest.  Under  the  escort  of  Mr.  Wm.  H.  Lotz, 
M.  Am.  Soc.  C.  E.,  and  Mr.  Edward  Baiimann,  Assoc.  Am.  Soc.  C.  E., 
visits  were  also  made  to  some  of  the  great  new  elevators  in  that  city. 

On  Monday  morning,  June  18th,  a  special  train,  provided  by  the 
Chicago,  Milwaukee  and  St.  Paul  Railway  Company,  left  Chicago  at  7.30 
A.  M.  Nearly  all  of  the  members  and  guests  who  attended  the  Convention 
were  upon  this  train,  which  was  run  through  direct  from  Chicago  to  St. 
Paul  and  Minneapolis,  and  thence,  without  change  of  cars,  over  the  St. 
Paul,  Minneapolis  and  Manitoba  Railway,  to  the  Hotel  Lafayette,  on 
Lake  Minnetonka.  A  dining  car  ran  with  the  train,  and  there  was  there- 
fore no  necessity  for  prolonged  detention  at  any  point.  The  courtesy  of 
the  officers  of  the  Chicago,  Milwaukee  and  St.  Paul  Railway  in  the  pro- 
vision of  this  train,  and  in  all  other  respects,  was  thoroughly  appreci- 
ated by  all  who  attended  the  Convention. 

Arrangements  had  been  made  by  the  Local  Committees  at  St.  Paul  and 
Minneapolis  for  the  accommodation  of  all  the  visitors  to  the  Convention, 
at  the  Hotel  Lafayette,  on  Lake  Minnetonka.  This  hotel  is  very  large 
and  commodious,  beautifully  located  on  the  shore  of  the  lake.  The  ses- 
sions of  the  Convention  held  in  St.  Paul  and  Minneapolis  were  reached 
by  special  trains  from  Lake  Minnetonka,  over  the  St.  Paul,  Minneapolis 
and  Manitoba  Railway  ;  these  trains  being  provided  and  run  by  that 
railroad  to  accommodate  the  convenience  of  those  attending  the  Con- 
vention. 

On  the  afternoon  of  the  first  day  of  the  Convention,  June  19th,  car- 
riages were  provided  at  St.  Paul,  and,  under  the  escort  of  citizens,  the 
many  points  of  interest  in  that  city  were  visited,  after  which  the  members 
returned  to  the  Hotel  Lafayette  for  the  night. 

On  the  afternoon  of  Thursday,  June  21st,  after  the  adjournment  of 
the  Convention,  a  train  was  taken  to  Fort  SneDing;  thence  to  the  Falls 
of  Minnehaha,  and  after  visiting  the  Minnehaha  Bridge  the  party  re- 
turned to  Lake  Minnetonka  via  Minneapolis. 

In  the  evening  of  that  day  a  moonlight  excursion  was  made  upon  the 
steamer  City  of  St.  Louis,  on  Lake  Minnetonka,  by  the  invitation  of 
General  W.  D.   Washburn. 

On  the  morning  of  Friday,  June  22d,  the  steamer  St.  Louis,  on  Lake 
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Minnetonka,  took  the  party  to  Excelsior,  from  which  point  they  pro- 
ceeded to  Minneapolis  by  the  Minneapolis,  Lyndale  and  Minnetonka 
Kail  way. 

After  the  adjournment  of  the  Convention  at  Minneapolis,  the  same 
railway  was  taken  to  Lake  Calhoun,  where  lunch  was  served.  After 
lunch,  Minneapolis  was  again  visited,  where  carriages  were  provided, 
and  many  interesting  points  in  that  city  were  visited,  including  the 
great  flour  mills  and  the  new  viaduct  now  in  course  of  construction  across 
the  Mississippi,  immediately  below  the  Falls  of  St.  Anthony. 

Returning  to  the  Hotel  Lafayette,  on  the  same  evening,  a  compli- 
mentary banquet  was  given  to  the  Society  V)y  the  citizens  of  St.  Paul  and 
Minneapolis. 

On  Saturday,  June  23d,  a  large  party,  by  invitation  of  Major  Mac- 
kenzie, United  States  Engineers,  took  the  steamer  General  Barnard  at 
St.  Paul,  and  proceeded  down  the  Mississippi  to  the  St.  Croix,  and  up  the 
St.  Croix  to  the  city  of  Stillwater.  The  party  was  here  met  by  a  com- 
mittee of  the  citizens,  and  escorted  to  the  Opera  House,  where  an  address 
of  welcome  was  made  by  Judge  McClure  of  that  city,  to  which  address, 
by  request  of  the  Board  of  Direction,  Mr.  J.  J.  R.  Croes,  Treasurer 
Am.  Soc.  C.  E.,  made  a  response. 

Lunch  was  then  served  in  the  Opera  House,  and  the  party  returned 
to  Lake  Minnetonka,  visiting  the  White  Bear  Lake  en  route. 

A  handsome  memento  of  the  Convention  was  prepared  by  the  com- 
mittees of  St.  Paul  and  Minneapolis,  and  presented  to  the  members  who 
were  in  attendance.  This  was  a  book  descriptive  of  these  cities,  hand- 
somely bound,  and  illustrated  with  many  plates. 


MEETINGS    OF    THE    SOCIETY. 

June  6th,  1883.— The  Society  met  at  8  p.  m.,  Vice-President  Wm.  H. 
Paine  in  the  Chair,  John  Bogart  Secretary.  Ballots  for  membership 
were  canvassed,  and  the  following  candidates  were  declared  elected  : 

As  Members  :  John  William  Kendrick,  Minneapolis,  Minn. ;  Henry 
Coathupe  Mais,  Adelaide,  South  Australia;  Albert  Brainerd  Rogers, 
Silkirk  Range,  British  Columbia;  Alonzo  J.  Tullock,  Leavenworth, 
Kan. 

As  Juniors  :  Albert  Neuman  Connett,  South  Orange,  N.  J. ;  Preston 
King  Yates,  Canajoharie,  N.  Y. 

The  death  was  announced  of  Major  George  W.  Dresser,  M.  Am.  Soc. 
C.  E.,  elected  Member  July  5th,  1876  ;  Director  of  the  Society  January 
6th,  1882,  and  died  May  27th,  1883. 

The  following  report  was  then  presented. 

(See  Proceedings,  Vol.  IX.,  p.  65,  April,  1883.) 
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To  (he  American  Sociely  of  Civil  Engineers  : 

The  undersigned  Committee,  appointed  at  the  meeting  of  the  Society- 
held  March  7th,  1883,  "To  confer  with  the  American  Institute  of 
Mining  Engineers,  The  American  Society  of  Mechanical  Engineers, 
and  with  authorized  representatives  of  Institutions  of  Technical  Educa- 
.tion,"  upon  the  subject-matter  presented  in  a  letter  to  the  Secretary  of 
the  Society,  requesting  the  advice  and  assistance  of  the  Society  in  pro- 
curing a  uniform  basis  for  engineering  degrres,  has  considered  the  sub- 
ject presented  in  the  said  letter,  and  submits  the  following  report: 

The  American  Institute  of  Mining  Engineers  declined  to  appoint  a 
committee  upon  the  subject,  for  reasons  stated  in  the  letter  of  the 
Secretary  returned  herewith. 

The  American  Society  of  Mechanical  Engineers  appointed  a  com- 
mittee, with  which  your  Committee  had  a  joint  session  and  discussion  of 
the  subject,  as  a  result  of  which  both  committees  arrived  at  the  same 
conclusion,  viz. : 

First. — That,  as  no  application  had  been  made  to  the  Society  by  any 
authorized  representative  of  the  faculty  of  any  "  Institution  of  Technical 
Education,"  it  would  be  manifestly  improper  for  this  Society  to  make 
any  recommendation  to  such  institutions  upon  the  subject  of  the  degrees 
to  be  given  by  them. 

Second. — That,  in  the  opinion  of  your  Committee,  any  practical  uni- 
formity is  unattainable,  for  the  reason  that  with  a  perfectly  uniform 
curriculum  as  the  basis  for  any  given  degree,  the  value  of  such  degree 
would  be  very  largely  dependent  upon  the  character  and  ability  of  the 
professors  having  the  engineering  department  in  charge,  and  upon  the 
care  and  thoroughness  with  which  the  examinations  for  the  degree  were 
conducted,  so  that,  as  heretofore,  the  value  of  any  degree  would  depend 
upon  the  reputation  of  the  institution  conferring  it. 

Your  Committee  is  of  the  opinion,  however,  that,  as  the  titles  Civil 
Engineer,  Mechanical  Engineer,  and  Mining  Engineer  are  used  as  in- 
dicating the  connection  of  their  holders  with  certain  industrial  pursuits, 
and  have,  in  that  respect,  a  kind  of  commercial  value,  it  would  be  very 
desirable  if  institutions  conferring  technical  degrees  would  adopt  some 
other  designations,  that  would  only  indicate  that  their  possessors  had 
studied  in  their  respective  branches  of  engineering,  and  not  that  they 
had  practiced  the  same.     All  of  which  is  respectfully  submitted. 

New  York,  May  15th,  1883. 

WM.  P.    SHINN,  ) 

THOS.  C.    CLARKE,  V  Committee. 

THEODORE  COOPER,     ) 

On  motion,  the  report  was  laid  upon  the  table,  and  the  Committee 
discharged. 

The  paper  by  William  P.  Shinn,  M.  Am.  Soc.   C.  E.,    "On   the  In- 
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<3reased  Efficiency  of  Eailways  for  the  Trausportation  of  Freight,"  was 
then  discussed  by  Messrs.  Chanute,  Cooper,  Emery,  Hamilton  and 
Shinn. 

June  21st,  1883. — Business  meeting  at  the  Annual  Convention.  The 
meeting  of  the  Society  was  called  to  order,  and  on  the  nomination  of 
the  Board  of  Direction,  Mr.  J.  J.  R.  Croes,  Treasurer  Am.  Soc.  C.  E., 
was  elected  to  preside. 

The  following  Nominating  Committee  was  appointed,  in  accordance 
with  Section  XXIV.  of  the  By-Laws  :  C.  C.  Martin,  of  New  York  ;  A. 
Fteley,  of  Massachusetts  ;  F.  Slataper,  of  Pennsylvania  ;  D.  C.  Shepard, 
of  Minnesota  ;  C.  Hermany,  of  Kentucky. 

The  Committee  on  a  "  Uniform  System  for  Tests  of  Cement"  reported 
jDrogress  through  its  Chairman,  Mr.  D.  J.  Whittemore.  The  Chairman 
stated  that  one  of  the  members  of  the  Committee  had  prepared  a  paper 
formulating  a  method  for  testing  pure  cement,  and  that  while  the 
members  of  the  Committee  agreed  with  the  greater  portion  of  that 
paper,  there  were  certain  parts  of  it  upon  which  there  were  differences 
of  opinion,  and,  consequently,  that  it  could  not  be  presented  as  the 
report  of  the  Committee,  but  that  he  hoped  it  would  be  presented  as  a 
paper  before  the  Society. 

On  motion,  the  Committee  was  continued. 

The  report  of  the  Committee  upon  the  "Preservation  of  Timber" 
being  called  for,  the  Secretary  stated  that  the  Chairman  of  that  Com- 
mittee, Mr.  O.  Chanute,  had  intended  to  be  present  at  the  Convention, 
but  had  been  unable  to  do  so,  and  that  in  the  event  of  his  absence  he 
requested  the  Secretary  to  say  that  the  Committee  had  received  a  large 
amount  of  information  in  addition  to  the  report  presented  and  recently 
published  in  the  Transactions  of  the  Society  ;  that  this  information  was 
too  voluminous  to  present  and  read  at  this  meeting,  but  that  it  would 
be  presented  to  the  Society  within  a  short  time  for  publication.  The 
Committee  has  prepared  an  exhibit  of  specimens  of  preserved  and  unpre- 
served  timber,  which  has  been  at  the  Chicago  Railway  Exposition,  in 
connection  with  a  very  interesting  collection  of  specimens  of  timber 
prepared  by  past  President  James  B.  Francis,  showing  the  effect  of  the 
Kyanizing  process  through  a  series  of  years. 

On  motion,  the  Committee  was  continued. 

The  report  of  the  Committee  on  Standard  Time  was  presented,  as 

follows  : 

STANDARD  TIME. 

Report  of  the  Speciaij  Committee — St.  Paul  and  Minneapolis 

Convention  . 

June  21st.,  1883. 

The  Committee  on  Standard  Time  beg  leave  to  submit  the  following 

report : 

At  the  annual  meeting  of  the  Society,  held  in  New  York  in  January 
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last,  the  Committee  set  forth  in  the  report  which  they  presented  the 
state  of  the  question  referred  to  them  up  to  that  date.  Evidence  con- 
tinues to  come  from  every  quarter  that  the  prominence  given  by  the 
Society  to  the  consideration  of  the  question  and  the  efforts  made  by  the 
Committee  to  gain  information  and  the  opinions  of  practical  men,  with 
a  view  to  a  satisfactory  solution  of  the  problem  of  time  reform,  are  bear- 
ing substantial  fruit.  An  interest  has  been  awakened  throughout  the 
country  and  an  impetus  has  been  given  to  the  movement,  largely 
through  this  Society,  which  the  Committee  confidently  believes  cannot 
fail  to  lead  to  a  practical  result,  which  will  prove  of  eminent  advantage 
to  the  whole  community. 

As  authorized  and  directed  by  the  Society,  the  Committee  has 
obtained  a  general  expression  of  opinion  from  men  prominent  as  engi- 
neers, as  railway  managers  and  operators,  and  others,  in  all  parts  of  the 
United  States  and  Canada.  The  Committee  find  that  exceptional  unanim- 
ity prevails  with  respect  to  the  fundamental  principles  which  should 
govern  in  the  adoption  of  a  system  of  standard  time  for  the  whole  country, 
and  the  present  meeting  of  the  Society  in  the  great  upper  valley  of  the 
Mississippi  seems  a  peculiarly  appropriate  occasion  for  directing  atten- 
tion to  the  benefits  to  result  from  a  comprehensive  time  system,  based 
■on  the  principles  which  commend  themselves  to  approval  so  generally. 

In  attending  this  Convention,  many  of  the  members  must  have 
experienced  that  the  railways  over  which  they  have  traveled  within  a 
limited  distance  of  this  city  are  run  by  three  different  standards,  viz., 
Chicago  time,  St.  Louis  time  and  St.  Paul  time.  These  various  local  times 
lead  to  certain  local  inconveniences  which  would  be  entirely  obviated  by  a 
unification  of  standards.  If  a  compromise  could  be  effected  by  the 
railway  authorities,  if  they  were  to  adopt  a  mean  between  the  times  of 
Chicago,  St.  Louis  and  St.  Paul  as  a  common  standard  for  all  the  rail- 
ways in  this  part  of  the  United  States,  great  general  convenience  would 
undoubtedly  result.  It  so  happens  that  a  mean  between  the  time  of 
Chicago,  St.  Louis  and  St.  Paul  is  as  nearly  as  may  be  the  time  of  the 
hour  meridian  S.  of  the  cosmopolitan  system  referred  to  in  the  docu- 
ments which  have  been  published  by  the  Committee,  and  it  corresponds 
with  the  90th  meridian  west  of  Greenwich.  This  meridian  adopted  as 
the  standard  for  Chicago,  St.  Louis  and  St.  Paul,  and  for  all  railways 
running  out  of  these  cities,  would  naturally  become  the  standard  for 
Minnesota,  Wisconsin,  Illinois,  Iowa,  Indiana,  Michigan  and  Missouri. 
In  fact,  it  would  almost  certainly  follow  that  the  one  standard  would  be 
used  by  the  whole  central  portion  of  the  continent,  from  the  extreme 
north  of  Canada  to  the  Gulf  of  Mexico,  embracing  Manitoba,  Kee- 
water,  Kentucky,  Tennessee,  Arkansas,  Alabama,  Mississippi  and 
Louisiana. 

Moreover,  the  proposed  compromise  between  the  times  of  Chicago, 
St.  Louis  and  St.   Paul  would  be  in  complete  harmony  with  the  other 
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three  main  standards,  separated  by  intervals  of  15  degrees  of  longitude, 
or  one  hour,  proposed  for  regulating  time  throughout  the  whole  of  the 
North  American  continent. 

The  managers  of  the  transcontinental  railways  who  have  been  heard 
from,  cordially  sustain  the  system  of  standards  which  have  been  sug- 
gested, and  have  agreed  to  adopt  them  in  the  running  of  trains. 
Indeed,  all  who  have  carefully  considered  the  subject  have  generally 
arrived  at  the  conviction  that  the  railways  and  the  public  would  be 
greatly  benefited  if  the  time  arrangements  of  the  whole  United  States 
and  Canada  were  governed  by  the  one  simple,  well-defined  principle. 

On  the  11th  of  April  last  a  convention  of  railway  men  was  held  at  St. 
Louis  for  the  purpose  of  discussing  the  time  question.  At  this  meeting 
there  were  present  forty-seven  railway  managers,  superintendents  and 
others,  representing  thirty  different  corporations  and  an  aggregate  length 
of  30.000  miles  of  railway  in  operation.  This  meeting  was  marked  by 
great  unanimity  of  opinion,  and  resolutions  were  passed  heartily  sup- 
porting the  principle  of  one  hour  meridian  standards,  and  recommend- 
ing that  every  railway  throughout  the  continent  be  governed  in  the 
running  of  trains  by  these  standards.  The  governing  meridians  pro- 
posed are  each  to  be  an  integral  number  of  hours  from  the  present 
meridian  of  the  world.  In  the  documents  published  by  the  Committee, 
they  have  been  designated  Meridians  R,  S,  T  and  V;  but  they  may  be 
known  by  any  other  names. 

Another  convention  of  a  similar  character  was  held  on  the  18th  of 
April  last,  of  men  representing  more  especially  the  railways  of  the 
Southern  States.  At  this  meeting  great  unanimity  of  view  was  dis- 
played, similar  action  was  taken,  and  corresponding  recommendations 
made. 

It  is  obvious  to  the  Committee  that  the  time  is  near  at  hand,  if  it 
has  not  actually  arrived,  when  definite  action  should  be  taken,  by  legis- 
lation or  otherwise,  to  establish  a  system  of  Standard  Time  for  general 
use  throughout  the  country. 

SANDFORD  FLEMING, 

Chairman  Special  Committee. 

Dr.  T.  Egleston,  M.  Am.  Soc.  C.  E. — I  may  say,  as  a  member  of  the 
Committee,  but  not  as  representing  the  Committee,  however,  that  it  has 
been  my  good  fortune  to  be  cognizant  of  one  phase  of  this  subject  with 
which  Mr.  Fleming  may  not  be  wholly  familiar,  and  that  is  that  diplo- 
matic relations  have  been  entered  into  between  the  government  of  the 
United  States  and  the  governments  of  Europe.  The  European  govern- 
ments claim  that  the  United  States  should  be  represented,  and  should 
have  the  right  to  have  the  International  Convention  called  here.  The 
acceptance  of  this  right  has  been  signified  by  a  very  large  number  of 
the  maritime  nations  of  Europe  to  the  Department  of  State,  and  the 
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Secretary  of  State  has  written  to  me  to  say  that  he  was  only  waiting,  to 
call  the  Convention  definitely,  to  have  a  few  of  the  European  nations 
who  had  not  signified  their  approval  or  disapproval  heard  from.  The 
matter  is  particularly  complimentary  to  the  United  States  in  this  matter, 
and  to  the  American  Society  of  Civil  Engineers;  for  not  only  have  cer- 
tain of  the  European  governments  referred  to  their  learned  heads  this 
question  of  standard  time,  but  they  have  conceded  to  the  United  States 
the  principle  which  has  been  urged  by  the  members  of  the  Society  of 
Civil  Engineers,  and  it  looks  at  thB  present  time  as  though  the  American 
Society  of  Civil  Engineers  would  have  the  credit  of  initiating  a  move- 
ment which  will  be  j  ast  as  thoroughly  historical  as  the  change  of  time 
from  the  old  to  the  new  date,  or  the  change  of  time  by  Ptolemy.  The 
Society  is  to  be  congratulated,  first,  upon  taking  up  the  movement;  sec- 
ondly, in  being  so  extremely  successful;  and  thirdly,  in  having  their 
efforts  acknowledged  by  almost  every  government  in  the  United  States 
and  Europe;  for  the  Government  of  Russia  has  taken  particular  pains 
to  do  it;  so  has  that  of  Spain  and  France;  and  several  others  have  pub- 
lished papers  which  accord  to  this  Society,  and  perhaps  to  those  persons 
in  the  United  States  who  initiated  this  movement,  a  very  distinguished 
position;  and  I  cannot  help  but  make  these  extempore  remarks,  knowing 
the  facts,  and  believing  that  the  Society  would  be  interested  in  knowing, 
extra  committee,  what  is  being  done. 

On  motion,  the  report  of  the  Committee  on  Standard  Time  was 
accepted,  and  the  Committee  continued. 

The  following  report  was  then  presented: 

The  Committee  on  obtaining  Congressional  Aid  in  carrying  out  the 
Programme  of  Tests  of  Iron,  Steel,  &c. ,  submitted  by  the  Society,  report 
as  follows: 

The  House  Committee  on  Appropriations,  a  few  days  before  the  close 
of  the  last  session,  afforded  your  Committee  a  hearing. 

For  various  reasons,  especially  want  of  notice,  only  a  very  small  rep- 
resentation appeared  before  the  House  Committee.  The  gentlemen 
listened  with  interest  to  the  statements  of  your  Committee,  but  came  to 
the  conclusion  that,  owing  to  the  impending  close  of  the  session,  no 
money  could  then  be  appropriated. 

Your  Committee  is  of  opinion  that  the  great  importance  of  this  sub- 
ject requires  the  appointment  of  a  Standing  Committee,  who  may  at  all 
times  authoritatively  act  for  the  Society. 

The  law  now  empowers  the  American  Society  of  Civil  Engineers  to 
submit  and  have  carried  out  its  programme  of  tests. 

To  insure  this  being  done  money  must  be  appropriated,  and  the 
Society  must  exert  its  entire  influence  to  induce  Congress  to  make  the 
necessary  appropriations. 

O.  E.  MICHAELIS, 

For  ike  Committee. 
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The  business  meeting  then  adjourned  and  the  session  of  the  Conven- 
tion was  resumed. 

OF  THE  BOARD  OF  DIRECTION. 

May  2d,  1883. — Applications  were  considered.  Financial  business 
was  transacted. 

May  0th,  1883. — Applications  were  considered. 

June  6th,  1883. — Applications  were  considered.  Arrangements  wer© 
made  as  to  the  approaching  Convention.  It  was  directed,  under  the  pro- 
visions of  the  By-Laws,  that  there  be  no  meetings  of  the  Society  during 
the  months  of  July  and  August. 

June  16th,  1883. — Final  arrangements  as  to  the  details  for  the  Con- 
vention were  made. 
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From  S.  Thayer  Abert,  U.  S.  Civil  En- 
gineer, Washington,  D.  C. : 
Report  upon  Bridging  the  Navigable  Waters 
of  the  United  States.      Appendix  BB  of  the 
Annual  Report  of  the  Chief  of  Engineers 
for  1882. 

From  American  Institute  of  Mining  En- 
gineers, Dr.  T.  M.  Drown,  Secretary, 
Easton,  Pa.: 
Transactions.    Vol.  X.     1882. 

From  American  Society  of  Mechanical 
Engineers,  F.  R.  Hutton,  Secretary, 
New  York: 
Proceedings.    First  Regular  Meeting  of  1882. 

Philadelphia,  April  19th-21st. 
On  the  Several  Efficiencies  of  the  Steam  En- 
gine, and  on  the  Conditions  of  Maximum 
Economy.    Robert  H.  Thurston. 
In  Memoriam.      Alexander  Lyman    HoUey, 
late  Vice-President  American  Society   Me- 
chanical Engineers. 
The  Appointment  of  a  United  States  Govern- 
ment    Commission     of   Tests    of     Metals 
and  Constructive  Materials.     Thos.  Egles- 
ton.  Ph.  D. 
The  Specific  Heat  of  Platinum,  and  the  Use  of 
this  Metal  in  the  Pyrometer.  J.  C.  Hoadley. 
Note  on  the  Action  of  a  Sample  of  Mineral 
Wool,   used  as    a    Non-conductor  around. 
Steam  Pipes.    F.  R.  Hutton. 
Thermodynamics  of  Certain  Forms    of   the 
Worthington  and  other  Compound  Pump- 
ing Engines.     Prof.  S.  W.  Robinson. 
Expansion    of    Steam    and    Water    without 

Transfer  of  Heat.     A.  Faber  Du  Faur. 
Note  on  the  Economy  of  the  Windmill  as  a 

Prime  Mover.     Alfred  R.  Wolff,  M.  E. 
Determina  ion  of  Heating  Surface    required 
in  Ventilating  Flues.    Prof.  Wm.  P.  Trow- 
bridge. 
On    a  Theorem   of  Rankine  relating  to  the 
Economy  of  Single  Acting  Expansion  En- 
gines.    First  published  in  1851.    Prof.  Wm. 
P.  Trowbridge. 
Chronograph  for  Engineering  Purposes,  with 
the  Hipp  Escapement.     W.  R.  Eckart,  C.  E. 
Description  of  the  Edison  Steam   Dynamo. 

T.  A.  Edison,  Ph.  D.  and  Chas.  T.  Porter. 
Report  of  a  Trial  of  Upright    Boilers    and. 
Worthington  Compound  Pumping  Engine 
at  the  Roxbury  Pumping  Station.     Boston, 
Mass.,  July,  1879.     J.  S.  Coon. 
An  Essay  on  Mechanics  and  the  Progress  of 
Mechanical     Science.     Frederick     Fraley, 
LL.  D. 
A  Standard  Gauge  System.     George  M.  Bond. 
Built-up     Work     in     Engine    Construction. 

Horace  See. 
Averaging  Machines.    W.  S.  Auchincloss. 
Efficiency  of  Turbines  as  affected  by  Form 
of  Gate.     Samuel  Webber. 

From  Hon.  Wm.  H.   Armstrong,  Com- 
missioner of  Railroads,  Washington, 
D.  C: 
Annual  Report  made  to  the  Secretary  of  the 
Interior  for  the  year   ending    June    30tb, 
1882. 


From   Association  of  Engineering  So- 
cieties,   H.    G.    Prout,    Secretary  of 
Board,  New  York: 
Journals  of  the  Association.    December,  1882, 
and  January,  1883.    Vol.  2.    No.  3.     Vol.  3. 
No.  1. 

From    Board    of   Commissioners,    De- 
partment of  Parks,  Boston: 
Eighth  Annual  R-iport  of  the  Department  of 
Parks  of  the  City  of  Boston  for  the  year 
1882. 

From  Board  of    Commissioners  Geo- 
logical Survey  of  Pennsylvania,  Wm. 
A.  Ingham,  Secretary,  Philadelphia: 
The  Geology  of  Bedford  and  Fulton  Counties, 

J.  J.  Stevenson.     Harrisburg,  1882. 
The  Geology  of  Philadelphia  County  and  of 
the    Southern    Parts  of    Montgomery  and 
Bucks.       Charles    E.    Hall.       Harrisburg, 
1881. 
The  Geology  of  Pike  and  Monroe  Counties. 

I.  C.  White. 
Special  Surveys  of  the  Delaware  and  Lehigh 
Water  Gaps.    H.  M.  Chance'.     Harrisburg, 
1882. 

From  Board  of  Railroad  Commissioners, 
Wm.  A.  Crafts,  Clerk,  Boston: 
Fourteenth  Annual  Report  of  the  Commission. 
January,  1883. 

From  James  P.  Bogart,  New  Haven  : 
Second  Report  of  the  Shell  Fish  Commission 
of  the  State  of  Connecticut.     Middletown, 

1883. 

From  Boston  Public  Library,  Boston: 
Bulletin  of  the  Library.     January,  1883. 

From  Boston  Water  Board,  W.  E.  Swan, 

Clerk,  Boston: 

History  of  the  Additional  Supply  of  Water 

for  the  City   of  Boston  from  the  Sudbury 

River.       Description    of     the    Work,    with 

Plates.     Boston,  1882. 

From  Henry  T.  Bovey,   Montreal,  Can- 
ada: 
Applied  Mechanics.    Part  I.    Henry  T.  Bovey, 
M.  A.     Montreal,  1883. 

From  Redmond  J.   Brough,   Toronto, 
Canada: 
Annual  Report  of  the  City  Engineer  of  To- 
ronto for  1882.    (Two  copies.) 

From  Bureau  of  Education,   Washing- 
ton: 
Circulars  of  Information,  as  follows: 
Maternal  Schools  in  France.    No.  5.    1882. 
Technical  Instruction  in  France.      No.    (5, 

1882. 
High  Schools  for  Girls  in  Sweden. 

From  H.  W.  Clarke,  Syracuse,  N.  Y.: 
Report  of  the  New  York  Commissioners  on 
the  Boundary  Lines  between  the  State  of 
New  York  and  the  States  of  Pennsylvania 
and  New  Jersey.  Albany,  1882.  (2  copies.) 
Journal  of  the  Board  of  Supervisors  of  Onon- 
daga County  for  1882. 
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Annual  Reports  of  the  Superintendent  of  the 
Onondaga  Salt  Springs  for  1880  and  1881. 
From  Martin  Coryell,  Lambertville,  N. 

J.I  ^ 

Report  of  the  Directors  of  the  Lambertville 
Water  Company.  March  8th,  1883.  Sixth 
Annual  Meeting. 

From  J.  James  R.  Croes,  New  York: 
Princeton  Water  Co.  Contracts.     1883. 

From  Joseph  P.  Davis,  New  York: 
Report  of  the  Commissioners  on  Investigation 

of  Water  Supply,  City  of  Boston.    Feb.  13 

1883. 
Report  on  the  Waste    of  Water.   City  of  Bos- 

ton.     May  25,  1882. 

From  Engineers'  Club  of  Philadelphia, 
Howard  Murphy,  Secretary: 
Proceedings.    Vol.  III.     No  3. 
List  of  Members.    December,  1882. 

From  Engineer  Department,   U.  S.  A., 
Washington : 

Report  upon   the  Primary  Triangulation  of 
the  United  States  Lake  Survey.     Gen.  C.  B 
Comstock.     1882.      Professional  Papers   of 
tbe  Corps  of  Engineers,  U.  S.  A.     No.  24 

Report  of  the  Chief  Signal  Officer,  War  De- 
partment    1881. 

Proposals  for  furnishing  a  Tug  for  Work  of 
Construction  at  Harbor  of  Refuge,  Sand 
Beach,  Mich. 

Specifications:  Ohio  River  Improvement. 
Lock  Gate  Timber  for  Davis'  Island  Dam. 

Specifications  for  Dredging  in  Potomac  River. 

Specifications  for  furnishing  Rip-rap  and 
Brush  Stone  for  the  Slope  Wall  on  the  River 
Front  ol  the  Potomac  Flats 

Specifications  for  Improvement  of  the  Poto- 
mac River  at  Washington.  Proposals  for 
Flat  Boats 

Specifications  for  Wing  Dam  in  Royal  River, 
Maine. 

Specifications  for  Dredging  in  the  Susque- 
hanna River. 

Specifications  for  Improvement  of  the  North, 
Branch  ol  the  Susquehanna  River. 

From  Engineers'   Society   of    Western 
Pennsylvania,        James    H.    Harlow, 

■  Secretary,  Pittsburgh: 
Transactions.     Vol.  I. 
Bridge  Inspection.     W.  S.  Thompson. 

From  Fairbanks   &   Co.,  per  A.  V.  Ab- 
bott, Jun.  Am.  Soc.  C.  E.,  New  York: 
Three  Photographs  of   Testing  Machine   at 
Washington  Navy  Yard. 

From  John    M.  Goodwin,    Sharpsville. 
Pa. : 
Thirty-six  specimens  of  Wood  collected  in  the 
vicinity  of  Adrian,  Mich.,  in  1860. 

From  James  H.  Harlow,  Pittsburgh: 
Forty-third  Annual  Report  of  the  Mononga- 
hela  Navigation  Co.    Jan.  10,  1883. 

From    Clemens      Herschel,     Holyoke, 
Mass. : 
Fourteenth  Annual  Report   of  the  Board   of 
Railroad  Commissioners  of  Massachusetts. 
January,  1883. 

From  Institution  of    Civil  Engineers, 
James  Forrest,  Secretary,  London: 
Abstract  of  Papers  in   Foreign  Transactions 
and     Periodicals.      Vol.     LXXI.       Session 
1882-83.     Part  1. 


Excerpt  Minutes  of    Proceedings,  edited  by 
the  Secretai'y,  as  loUows  : 

The  Adhesive  Strength  of  Portland  Ce- 
ment, with  special  reference  to  an  Im- 
proved Method  of  testing  that  Material. 
Isaac  J.  Mann. 

Villar  Reservoir  on  the  River  Lozoya. 
Edward  J.  T.  Manby. 

Recent  Hydraulic  Experiments.  Maj. 
Allan  Cianningham. 

Trackltiying  in  1882  on  the  Main  Line  of 
the  Canadian  Pacific  Railway.  H.  P. 
Bell. 

American  Practice  in  Warming  Buildings 
by  Steam.     Robert  Briggs. 

Current-Meter  Observations  in  the 
Thames.     William  C.  Unwin. 

The  Sinking  of  Two  Shafts  at  Marsden  for 
the  Whetburn  Coal  Company.  John 
Daglieh. 

From  Institution   of  Mechanical  Engi- 
neers, Walter  R.   Browne,  Secretary, 
London : 
Proceedings.     November,  1882. 

From  Iron  and  Steel  Institute,    J.   S. 
Jeans,  Secretary,  Loudon: 
Journal  of  the  Institute.     No.  2.     1882. 

From  E.  H.  Keating,  Halifax,  N.  S. : 
Dry  Docks.  Reports  on  proposed  Dry  Docks 
for  the  Port  of  Halifax,  N.  S.,  containinj;  de- 
sci'iptions  of  several  Stone,  Wooden  and 
Iron  Docks.  E.  H.  Keating.  Halifax,  N.  S., 
1883. 

From  John   Kennedy.   Montreal,  Can- 
ada: 
Annual  Report  of  the  Harbor  Commissioners 
of  Montreal  for  the  year  1882.     (2  copies.) 

From  J.  Fras.  Le  Baron,  Jacksonville, 
Fia.: 

Classification  of  the  Collection  to  Illustrate 
the  Animal  Resources  of  the  United  States 
— International  Exhibition  1876.  G.  Brown 
Goode,  M.  A.     Washington,  1876. 

Report  of  the  Commissioners  of  Fisheries 
of  the  State  of  New  York.     Feb.  1.  1875. 

Bulletin  of  the  Essex  Institute.  Vol.  II.,  No. 
3.     March,  1870. 

Report  from  Lieut. -Col.  Q.  A.  Gillmoreupon  a 
Survey  of  Indian  River,  Florida,  with  a  view 
to  opening  a  passage  to  Mosquito  Lagoon 
by  way  of  the  Hanlover;  also,  a  report  on 
the  same  subject  by  J.  Fras.  Le  Baron,  U.  8. 
Asst.  Engineer.     (2  copies.) 

From  Massachusetts  Institute  of  Tech" 
nology,  Boston: 
Memorial  Meeting  of  William  Barton  Rogers, 
late  President  of  the  Society  of  Arts.     Meet- 
ings, March  28;  Oct.  12,  1882. 

From  A.  G.  Menocal, Washington,  D.C. : 

Channel    Improvement,    Washington     Navy 

Yard.      Civil     Engineer     A.    G.    Menocal, 

U.  S.  N. 

From  Thomas  C.  Meyer,  New  York: 

A  Portfolio  containing   the  following;  being 

drawings  and  tracings  of  early  Engineering 

Work  on  the  Hudson  River  and   New  York 

and  Erie  Railroad : 

Contract  for  Grading  and  Masonry,  Hud- 

son  River  Railroad.     1850. 
Circular— Patent  Compound  Rail  for  Rail- 
roads. 
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Tracing — Abutment  for  a  Bridge  at  Sec- 
ond Crossing  of  Canisteo  Rirer. 
Tracing— Bridge,  Eliuira  Location,  Rock 

Cut,  Hudson  River  R.R. 
Tracing — West  Abutment  at  Third  Cross- 
ing of  the  Canisteo  River. 
Tracing— General    Plan    for  Bridges  of 
over  100  feet  span.  • 

Tracing — Floating  and  Swinging  Gates. 
Tracing — Howe's  Patent  Bridge. 
Check  Roll  and  Pay  List  Hudson  River 

R.  R.  Co.     1850.    (3  copies.) 
Weekly  Report   Hudson  River  Railroad. 

1850.     (2  copies.) 
Proposition   lor    General  Work,   Hudson 

River  Railroad. 
Cast-iron   Chair,   Brooklyn   and  Jamaica 

R.  R. 
Tracing — Abutment    for    a    Bridge    over 

Spring  Brook. 
Tr.cing — Thomas  Hassard  &  Co/s  Plan. 
Plan  of  Superstructure,  New  York  and 

Erie  Railway. 
Tracing— New  York   and   Erie    Railway; 

old  Oswego  and  Ithaca  Railroad. 
Cross  Section  of  Rail  used  on  the  Hudson 

River  R.R.  Culvert. 
Culvert,  Hudson  River  Railroad. 
Hudson  River  Railroad  Co.  Mortgage  for 

$2,000,000. 
Bridge,  Hudson  River  Railroad. 
Contract  for  Piling  Foundations  and  for 

Pile. 
Bridging,  Hudson  River  Railroad. 
Time    Table,    Hudson    River    Railroad. 

1850. 
Contract  for  Grading  and  Masonry,  Hud- 
son River  R  R. 
Pile  Bridge,  New  York  and  Erie  R.  R. 
Culvert,  Hudson  River  R.  R. 
Abutment  on  south  side  of  Wappinger's 

Creek. 
Foundation  of  Abutment  for  Drawbridge, 
Wappinger's     Creek,     Hudson     River 
R.  R.     1847. 
Design  for  a  Truss  Bridge,  New  York  and 

Erie  R.  R, 
Abutment  for  Pile  Bridge  at  north  end  of 

Van  Wyck's  Bay. 
Flood  Bridge  at  Floyd's,  New  York  and 

Erie  R.  R. 
Plan  of  Box  Culvert,  New  York  and  Erie 

R.  R. 
Bridge,  New  York  and  Erie  R.  R. 
bridge,  Chemung  Canal,  New  I'ork  and 

Erie  R.  R. 
Plan  of   Timber  Pier,   Little    Schuylkill 
and  Susquehanna  R.  R. 

Tracing — Canisteo  Bridge  No.  6. 

Tracing— North  Abutment  for  South 
Channel  Chemung  River,  Elmira  Loca- 
tion. 

Tracing— Pier  at  6th  Crossing  of  the 
Canisteo  River. 

Tracing— Ice  Breaker  at  the  5th  Crossing 
of  the  Canisteo  River. 

Tracing — Timber  Pier. 

Tracing — South  Abutment  for  North 
Channel  Chemung  River,  Elmira  Loca- 
tion. 

Tracing— Pier  for  North  Channel,  Che- 
mung River,  Elmira  Location. 

Tracing — Bridge  over  West  Athens  Road, 
at  Factoryvilie,  New  York  and  Erie 
Riilroad. 

Tracing— Pier  for  a  Bridge  over  Cayula 
Creek.  New  York  and  Erie  Railroad. 


Tracing— Bridge,  Hudson  River  Railroad. 

(2  copies  ) 
Tracing— Bridge  over  Spring  Brook,  New 

York  and  Erie  Railroad. 
Tracing— Pile  "Bridge. 
Tracing— West  Abutment  for  Bridge  at  2d. 

Crossing  Chemung  River. 
Tracing -Plan  of   Bridge  over  Chemung 

Canal  Feeder. 
Tracing— Abutment  for  a  Bridge  at  Pipe 

Creek,  New  York  and  Erie  R.  R. 
Tracing— Bridge  crossing  Mohawk  River, 

1838,  Utica  and  Syracuse  R.  R. 
Tracinc— Wtica    and  Schenectady    R.    R. 

Bridge  crossing    the    Mohawk    River, 

1838. 
Tracing— Double  Culvert,  Hudson  River 

Railroad. 
Tracing— Chain  Bridge. 
Tracing— Foundation  of  Tripod  Pier. 
Tracing— Embankments,   Hudson    River 

R.R. 

Tracing— Chemung    River  Crossing  No. 

3,  New  York  and  Erie  R.  R. 
Tracing -Ice    Breaker,   Chemung  River, 

New  Vork  and  Erie  R.  R. 
Tracing-- Wooden  Bridge. 
Tracing— East  Abutment  at  the  4th  Cross- 
ing of  the  Canisteo  River. 
Tracing— Bridge  over  Mohawk  River  at 

Rome.     1836. 
Tracing— Road   Crossing,  New  York  and 

Erie  R.  R.     1841. 
Tracing— Bridge  at  Corning,  New  York 

and  Erie  R.  R.     1841. 
Tracing-  Bridge   at    Cassel's    Mfll,    New 

York  and  Erie  R.  R. 
Tracing— Base  Apparatus.    Coast  Survey. 
Tracing— Ice  Breaker   for  Bridge   at  1st 

Crossing  of  Canisteo  River. 
Abutment  for  a  Bridge  at  2d  Crossing  of 

Canisteo  River. 
Elevation  of   Roof    of    Trinity    Church, 

New  York. 
Tracing— Plan   for  a  Bridge  over  Cayuta 

Creek,  New  York  and  Erie  R.  R. 
Tracing— Pier  at  2d  Crossing  of  the  Can- 
isteo River. 
Abutment  for  Bridge  at  Ellis  Creek,   New 

York  and  Erie  R.  R. 
Roof  of  Dutch  Church,  Ninth  Street.N.  1. 
Tracings— Flood  Bridge  at  Floyd's. 
New  Trinity  Church  Roof. 
Bridge  over  Mohawk  River  at  Yates, 
Bridge  at  Pipe  Creek. 
Road  Crossing,  New  York  and  Erie  R.  R. 
Bridge  over  Oswego  Creek,  New  York  and 

Erie  R.  R. 
Harlem  Bridge  Superstructure. 
Hudson  River  R.  R.  Bridge  near  Ham- 
burgh.    1848. 
Tracing— Plan  for  Bridge   over   Factory 

Canal  at  Factoryvilie. 
Hudson  River  Railroad  Draw  Bridge. 
Abutment  at  Oswego  Creek. 
Abutment  on  East  Shore  of  Cayuta  Creek. 
Plan  for  Bridge,  New  York  and  Erie  R.  R. 
Bridge  over  Conhocton  River,  New  York 

and  Erie  R.  R. 
Ice  Breaker  for  Bridge  at  1st  Crossing 

of  Canisteo  River. 
Seven  Tracings  of  various  Bridges  and 

Culverts. 

From    Midland    Institute    of    Mining. 
Civil     and      Mechanical     Engineers, 
Barnsley,  England : 
Transactions.    Vol.  VIII.     Part  63. 
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From    Mining    Institute    of   Scotland, 
Hamilton : 
Transactions.      General    Meeting,    January, 
1883. 

From  Gilbert  Murdoch,  St.  John,  N.  B. : 
Special  Report  on  the  Water  Supply  of  St. 
John    (East)    and    Town  of   Portland.    G. 
Murdoch.   St.  John,  1883.     (2  copies.) 

From  Joseph  Nimmo,  Jr.,  Chief  of 
Bureau  of  Statistics,  Washington : 

Annual  Report  and  Statements  of  the  Bureau 
of  Statistics  on  the  Commerce  and  Naviga- 
tion of  the  United  States.  June  30,  1882. 
Foreign  Commerce. 

Statistical  Abstracts  of  the  United  States. 
Fifth  Number.  1882.  Finance,  Coinage, 
Commerce,  Immigration,  Shipping,  the 
Postal  Service,  Population,  Railroads,  Agri- 
culture, Coal  and  Iron,  &c. 

From  North  of  England  Institute  Min- 
ing and  Mechanical  Engineers,  Theo, 
Wood  Bunning,  Secretary,  Newcastle- 
on-Tyne: 
Proceedings.     December,  1882.    Vol.   XXII. 
Part  2. 

From  E.  Pontzen,  Paris,  France: 
Examen   de  la  Question  de  la  voie   Etroite 
proposee  pour  les  Chemins  de  fer  Algeriens. 
Ernest  Pontzen.    Paris,  1883. 

From  School  of  Mines,  Columbia  Col- 
lege.  New  York: 
School  of  Mines  Quarterly.    Vol.  IV.     Nos.  2 
and  3.    January  and  April,  1883. 

From  CoUingwood  Schreiber,   Ottawa, 
Canada: 
Annual  Report  of  the  Minister  of  Railways 
and  Canals  of  the  Dominion  of  Canada  for 
the  year  1882. 

From  Edward  G.   Tilton,   Contractors' 
Chief  Engineer  and  Gen.  Supt.  Cana- 
dian Pacific  Railway,  Yale,  B.  C: 
Canadian  Pacific  Railway.    Contractors'  Staff. 
British  Columbia.    General  Office  at  Yale. 
{Copies  for  distribution.) 

From  U.  S.  Coast  Survey,  Washington: 
Report  of  the  Superintendent.    U.  S.  Coast 

and  Geodetic  Survey  for  1880.   Washington, 

1882. 
A  Treatise  on  Projections.    Thomas  Craig. 

From  U.  S.  Naval  Institute,  Annapolis, 
Md.: 
Proceedings.    Vol.  VIII.     No.  4.     1882. 

From  U.  S.  Naval  Observatory,  Wash- 
ington : 
Astronomical  Observations  made  during  the 
year  1878.     Rear  Admiral  John  Rodgers,  U. 
S.  N.,  Supt.    Washington,  1882. 

From  U.  S.  Ordnance  Department,  Gen. 
S.  V.  Benet,  Chief,  Washington: 
Ordnance  Notes,  as  follows: 

Index  to  Ordnance  Notes.     Nos.   206  to 

235  inclusive. 
Rifle  Target  Practice  in  the  Army.     No. 

237.    Bvt.  Brig.  Gen.  John  C.  Tidball, 

U.  S.  A. 
The    Second    Division    at    Tel-El-Kebir . 

Gen.  Sir  Edward  B.  Hamley. 

From  Elwyn  Waller,  New  York: 
Report  on  the  Sanitary  Examination  of  Pota- 
ble Waters  and  the  Significance  of  the  dif- 


ferent Tests.     Elwyn  Waller,   Ph.  D.     Al- 
bany, 1883. 

From  Col.  George  E.  Waring,  Jr.,  New- 
port, R.  I. : 

Buffalo  Trunk  Sewer.  Description,  Detailed 
Specifications  and  Conditions  of  Letting  the 

'  Work,  as  a  basis  of  Contract.  George  E. 
Waring,  Jr.,  Consulting  Engineer.  Buffalo, 
1883. 

Buffalo  Trunk  Sewer.  Specifications  for  fur- 
nishing Sewer  Brick,  American  Hydraulic 
Cement,  Portland  Cement  and  Iron  Cast- 
ings. Issued  by  Board  of  Sewer  Commis- 
sioners.   Buffalo,  Jan.  24,  1883. 

From  Weaver,  Shipman  &  Co.,  Spring- 
field, Mass.: 
Treatise    relative    t6    the    Testing  of  Water 
Wheels  and  other  Machinery,  with  various 
other  matters  pertaining  to  Hydronamics. 
James  Emerson.     Springfield,  1881. 

From  D.  W.  Wellman,  St.  Louis: 
Map  of  the  Missouri  River  from  Surveys  made 
under  the  direction  of  Maj.  Chas.  R.  Suter, 
Corps  of  Engineers,  U.  S.  A.,  by  D.  W. 
Wellman,  Asst.  Engineer.  Scale,  ^slao.  3 
Indexes  and  27  Maps. 

From  Welton  &   Bonnett,  Waterbury, 
Conn. : 
Sixteenth  Rei)ort  of  the  Board  of  Water  Com- 
missioners of  the  City  of  Waterbury.     1881. 

From  John  Wiley  &  Sons,  New  York: 
Conversion  Tables  of  Metric  and  British,  or 
United     States    Weights     and     Measures. 
Robert  H.   Thurston,   A.   M.,   C.   E.     New 
York,  1883. 

From  Gen.  H.  G.  Wright,  Chief  of  En- 
gineers, U.  S.  A.,  Washington: 
Report  from  the  Committee  on  Commerce  on 

River  and  Harbor  Appropriation  Bill. 
Message  from  the   President  recommending 

an  additional  Appropriation  for  building  the 

Sea  Wall  on  Governor's  Island. 
Report  relative  to  the  deposit  of  Silt  and  Sand 

in  Portage  Lake,  Mich.    Maj.  H.  M.  Robert. 
Reports  respecting  the   Examination   of  the 

Mouth  of  the  Columbia  River,  Oregon,  &c. 
Report  with  accompanying  Map  of  the  Board 

of  Engineer  Officers  constituted  to  consider 

and  report  the   Cost  of   constructing  the 

Sturgeon  Bay    and    Lake    Michigan    Ship 

Canal. 
Report  of  the  Select  Committee  on  Improve- 

ment  of  the  Mississippi  River.     (2  copies.) 
Report  of  Survey  of  Canal  from  Hennepin,  on 

the  Illinois  River,  to  Mississippi  River,  at 

or  about  Rock  Island,  together  with  the 

Estimates,  &c.     Maj.  W.  H.  H.  Benyaurd. 
Report  of  the  Chief  of  Engineers  in  regard  to  • 

Railroad    and    other    Bridges    across    the 

Great  Kanawha  River,  in  West  Virginia. 
Report     relative    to    the    Improvement    of 

Charleston  Harbor,  S.   C.     Capt.  James  C. 

Post. 
Resolution  of  the  House  of  Representatives 

in  relation    to    the    Improvement    of  the 

Entrance  to  Humboldt  Bay,  California. 
Resolution  of  the  House  of  Representatives - 

transmitting   a    Report    on   the   Du    Bois 

System  of  Navigation. 
A    communication    in    relation    to    the    Ice 

Harbor  at  the  mouth  of  the  Muskingum. 

River.    Maj.  Wm.  E.  Merrill. 
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From  other  sources:  Bources,  Growth  and  Advantages  for  Settle- 

The  Holly  System  of  Water  Supply  and  Fire  ment  and  the  investment  of  Capital  of  that 

Protection.  Great  Field  of  the  West,  which  lies  open 

Bailroad  Co-operation.     C.  W.  BuUen.    Rail-  for  Immigration  in  the  United  States.     L. 

ways  In    Mexico.     M.    Romero.      Interna-  T.  Reavis.     St  Louis,  1882. 

tional  Review,  November,  1882.  Annual    Report    of    the    Superintendent  of 

The  Great  Empire  of  the  West  beyond  the  Sewers  of  the  City  of  Boston  for  the  year 

Misslssipi,  being  a  presentation  of  the  Re-  1882. 


THE  ROWLAND  PRIZE. 


CODE  OF   RULES  FOR  ITS  AWARD. 

Not  more  than  one  prize  shall  be  awarded  each  year  for  papers  pre- 
sented during  the  year.  The  medal  year  shall  terminate  on  the  first  day 
of  August,  and  the  award  shall  be  announced  at  the  annual  meeting  ia 
January. 

The  prize  shall  consist  of  fifty  dollars  in  cash. 

The  award  shall  be  made  by  a  committee  consisting  of  the  Secretary 
and  two  members  of  the  Society,  to  be  appointed  by  the  Board  of  Di- 
rection. 

The  prize  shall  be  awarded  to  such  paper  as  the  committee  deem 
most  worthy  of  such  recognition,  the  preference  being  given  to  papers- 
describing  in  detail  accomplished  works  of  construction,  their  cost  and 
manner  of  execution,  and  the  errors  in  design  and  execution. 
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THE    NORMAN    MEDAL. 


CODE  OF  EULES  FOR  ITS  AWARD. 

I.  —  Competition  for  the  Norman  Medal  of  the  American  Society  of 
Civil  Engineers  shall  be  restricted  to  members  of  the  Society. 

11. — ^There  shall  be  one  gold  medal,  and  only  one,  struck  for  each 
and  every  fiscal  year  of  ]bhe  Society,  and  awarded  as  hereinafter  pro- 
vided. The  dies  therefor  shall  be  with  the  Superintendent  of  the 
United  States  Mint  at  Philadelphia,  in  trust  exclusively  for  the  above 
purpose.  Such  medal  shall  be  of  a  cost  equal  to  the  annual  interest 
received  upon  $1  000  of  the  Consolidated  Stock  of  the  City  of  New 
York,  Certificate  No.  179,  of  the  additional  new  Croton  Aqueduct  Stock 
of  the  City  of  New  York,  authorized  by  an  Act  of  the  Legislature  of  the 
State  of  New  York,  Chap.  230,  passed  April  15th,  1870,  dated  November 
17th,  1873,  now  held  in  trust  by  the  Treasurer  of  this  Society,  and  so 
held  solely  for  this  purpose,  and  shall  be  executed  upon  his  order. 

III. — All  original  papers  presented  to  the  Society  by  members  of  any 
class,  during  the  year  for  which  the  medal  is  awarded,  shall  be  open  to 
the  awards,  provided  that  such  papers  shall  not  have  been  previously 
contributed  in  whole  or  in  part  to  any  other  association,  nor  have 
appeared  in  print  prior  to  their  publication  by  the  Society,  nor  have  been 
presented  to  the  Society  in  any  previous  year. 

IV. — The  Board  of  Censors  to  award  the  medal  shall  consist  of  three 
members  of  the  Society,  to  be  designated  by  the  Board  of  Direction. 
The  Secretary  of  the  Society  shall  act  as  Secretary  to  the  Board  of 
Censors . 

V. — The  medal  shall  be  awarded  to  such  paper  as  the  said  Board  shall 
judge  to  be  worthy  of  special  commendation  for  its  merits  as  a  contribu- 
tion to  engineering  science,  not  merely  relatively  as  compared  with 
others  presented  during  the  same  year,  but  as  exhibiting  the  science, 
talent  or  industry  displayed  in  the  consideration  of  the  subject  treated 
of,  and  for  the  good  which  may  be  expected  to  result  from  the  discussion 
and  the  inquiry. 

YI.— In  case  no  paper  presented  during  the  year  shall  be  deemed  of 
sufficient  value  to  receive  an  award,  the  amount  of  the  interest  of  the 
fund  for  that  year  shall  be  expended  by  the  Board  of  Direction  in  the 
purchase  of  books,  to  be  offered  as  a  premium  for  the  second  best  paper 
in  the  next  year  in  which  more  than  one  paper  of  sufficient  value  may  be 
presented. 

VII. — The  medal  year  shall  terminate  on  the  first  day  of  August,  and 
the  award  shall  be  announced  at  the  annual  meeting. 

VIII. — The  Treasurer  of  this  Society  shall  cause  the  medal  to  be 
prepared  and  delivered  to,  or  deposited  to  the  order  of,  the  successful 
competitor,  within  two  months  after  the  annual  meeting  at  which  the 
same  shall  have  been  awarded. 
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CONTRIBUTIONS  TO  THE  BUILDING  FUND. 

By  a  resolution  of  the  Board  of  Direction,  all  contributions  to  the 
Building  Fund  are  to  be  acknowledged,  from  time  to  time,  by  printing 
lists  of  the  same  in  the  monthly  Proceedings  of  the  Society,  and  in 
addition  to  this  the  names  of  all  those  who  may  subscribe  SlOO  or  more 
are  to  be  regularly  enrolled  and  published  in  future  lists  of  the  Society 
under  the  head  of  Subscribers  to  the  Building  Fund,  and  they  will  be 
entitled  to  receive  one  copy  of  the  monthly  publications,  comprising  all 
papers  and  Transactions  of  the  Society,  regularly,  for  life,  for  each  if  100 
subscribed  by  them  ;  such  copies  to  l)e  in  addition  to  those  which  they 
may  be  already  entitled  to  if  they  are  Members  or  Fellows. 

The  following  contribution  is  acknowledged  in  addition  to  those 
heretofore  noted  : 

R.  E.   Briggs $100  00 

A.  F.  Wrotnowski 30  00 

LIST    OF    MEMBERS. 


ADDITIONS. 

MEMBEES. 

Date  of  Election. 

Appleton,  Thomas Ass't  Engineer  Topeka,  Salina  and  West- 
ern R.  R.,  Kansas April  4,  1883. 

CoBNELL,  Olpv-er  H.  P.  .Div.   Engineer  New  York,    West  Shore 

and  Buflfalo  Ry.,  Albany,  N.  Y April  4,  1883. 

Kendrick,  John  W Engineer  Construction,  Minn,  and  Sauk 

Rapids  Div.  N.  P.  R.  R.,  Minneapo- 
lis, Minn June  6,  1883. 

Rogers,  Albert  B     . .  .(Care  D.  J.  Whittemore,  Esq.),   Milwau- 
kee, Wis June  6,  1883. 

TuLLOCK,  Alonzo  J Supt.  Missouri   Valley  Bridge  and  Iron 

Works,  Leavenworth,  Kan June  6,  1883. 


JUNIORS. 


CoNNETT,  Albert  N South  Orange,  N.J June  6,  1883. 

Yates,  Preston  K Canajoharie,  N.  Y June  6,  1883. 


FELLOW. 

Wells,  David  L Milwaukee,  Wis Jvme  13,  1883. 
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CHANGES  AND    COKKECTIONS. 
MEMBERS. 

Andrews,  John  W Chief  Engineer  Cincinnati,  Wheeling  and  New  York 

K.  K.,  McConnellsville,  Ohio. 
Atwood,  William  H — Acting  Div.  Engineer  N.  Y.,  W.  S.  and  B.  Kailway, 

Jersey  City.  N.  J.  . 

Barnard,  A.  P Warrensburg,  Mo. 

Beckwith,  L.  F 229  Broadway,  Rooms  12  and  13,  New  York  City,  N.  Y. 

Bland,  John  C 257  S.  Fourth  Street,  Philadelphia,  Pa. 

Bradley,  T.  C Pres.  Cookson  Iron  Works,  Kansas  City,  Mo. 

Crosby,  Wilson 115  Broadway,  Boom  92,  New  York  City,  N.  Y. 

Crowell,  J.  Foster Engineer  of  Constr action,  P.  R.  R.,  309  W.  Chelton 

Ave.,  Germantown,  Pa. 

Glelow,  Henry  J A.  G.  and  S.  R.  R.,  Tuscaloosa,  Ala. 

GuDE,  A.  V 44  J  Tryor  Street,  Atlanta,  Ga. 

Hering,  R 204  South  36th  Street,  Philadelphia,  Pa. 

HuTTON,  William  R  ....  35  Broadway,  New  York  City,  N.  Y. 

Johnson,  Thomas  H Prin.    Asst.    Engineer    P.    C.    and    St.    L.    Railway, 

Indianapolis,  Ind. 
Le  Baron,  J.  Francis.  .  Ass't  Engineer  in  charge  of  Office,  Florida  Ship  Canal 

and  Transit  Co.,  Jacksonville,  Fla. 

Low,  GoRHAM  P Gloucester,  Mass. 

Martin,  C.  C Chief  Engineer  and  Supt.   New  York   and  Brooklyn 

Bridge,  22  Sands  Street,  Brooklyn,  N.  Y. 
McLain,  L.  R Prin.  Ass't  Engineer  South  Florida  R.  R.,  Kissimmee 

City,  Fla. 
Norman,  George  H  . . . .  Newport,  R.  I. 

Sears,  Alfred  F Portland,  Oregon. 

Striedinger,  Julius  H  .  Tombstone,  Arizona. 

Symons,  Thomas  W.  . .  .Lieut.  Corps  of  Engineers,  U.  S.  A..  Washington,  D.  C. 

Williamson,  Wm.  G.  .  .Lexington,  Rockbridge  Co.,  Va. 

Tonge,  Samuel  H U.  S.  Ass't  Engineer,  Leavenworth,  Kan, 

YoRKE,  Edward Chief  Engineer  Pacific  Line,  Mex.  Cent.  R.  R.,  Tepic, 

Mexico. 

associate. 
Wheaton,  Edward 13^  Sears  Building,  Boston,  Mass. 


DEATH. 

J'arquhar,  Francis  U.  .Elected  Member  July.  10,  1872.     Died  July  3,  1883. 
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PROCEEDINOS. 


Vol.    IX.— July,    I883. 


Note. — No  meetings  of  the  Society  were  held  in  July. 


MEMOIES   OF   DECEASED   MEMBERS. 

WILLIAM  RAYMOND  MORLEY,  M.  Am.  Soc.  C.  E. 

Died  January  3d,  1883. 


William  Raymond  Morley  was  born  at  Feeding  Hills,  Massachusetts, 
September  15th,  1846.  Left  an  orphan  at  a  very  early  age,  he  removed 
to  Iowa,  where  he  passed  his  boyhood  in  the  family  of  an  uncle  residing 
in  Fayette  County,  receiving  an  ordinary  common  school  education. 
In  March,  1864,  he  enlisted  in  the  9th  Regiment  of  Iowa  Volunteers, 
and  served  in  the  Union  army  until  the  close  of  the  war.  He  was  in 
Sherman's  army  during  the  Atlanta  campaign  and  the  march  to  the  sea, 
and  participated  in  all  its  most  desperate  battles.  Thus  in  the  beginning 
of  his  career  is  the  first  illustration  of  that  character  of  life,  traceable  to 
the  end,  fuller  than  many  others,  for  in  his  short  army  career  he  ex- 
perienced more,  traveled  over  vaster  fields,  jeopardized  his  life  oftener 
than  many  who  enlisted  in  the  beginning.  In  1866  he  entered  the  Iowa 
State  University,  where  he  remained  less  than  two  years,  devoting  himself 
chiefly  to  scientific  studies,  for  which  he  displayed  great  aptitude.     His 
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fondness  for  mathematics  and  engineering  led  him  to  adopt  the  profes- 
sion of  Civil  Engineering,  and  in  the  spring  of  1868  he  engaged  in 
railway  work  upon  the  Iowa  Northern  Central  Railroad.  Being  natur- 
ally of  a  restless  and  ambitious  disposition,  and  believing  he  could  find 
in  the  Far  West  a  larger  field  of  activity,  he  went  to  Denver  in  1869, 
and  opened  an  office  as  Civil  Engineer.  Not  finding  business  to  his 
taste,  he  sought  employment  on  the  Kansas  Pacific  Railway,  which  was 
then  in  process  of  construction  towards  Denver .  There  were  no  posi- 
tions vacant  for  engineers  at  the  time,  so  he  entered  one  of  the  parties 
as  chainman,  and  such  was  the  activity,  knowledge  and  capacity  he  dis- 
played, that  in  six  weeks  he  was  put  in  charge  of  a  division.  In  this 
position  he  saw  much  hard  service.  The  Indians  were  hostile,  and  made 
frequent  attacks  upon  the  construction  parties,  and  throughout  the  diffi- 
cult and  dangerous  times  that  ensued  Mr .  Morley  made  for  himself  a 
reputation  for  pluck,  energy  and  decision  of  character,  as  well  as  profes- 
sional ability,  which  clung  to  him  ever  afterwards.  He  thus  became 
early  known  among  railroad  men  in  the  Rocky  Mountains  region  as  one 
who  could  at  all  times  be  depended  upon  to  accomplish  a  desired  result 
without  regard  to  obstacles,  if  in  human  power  to  do  it.  Upon  the  recom- 
mendation of  Gen.  Wm.  J,  Palmer,  who  had  formed  a  high  opinion  of 
his  character  and  ability  while  on  the  Kansas  Pacific,  he  was  appointed 
Chief  Engineer  of  the  Maxwell  Land  Grant  and  Railway  Company  in 
1870,  and  during  that  year  he  made  a  number  of  important  railroad  sur- 
veys in  Colorado  and  New  Mexico.  Among  others,  he  located  a  line  over 
the  Raton  Pass,  which  was  adopted  almost  without  change  eight  years 
afterwards  by  the  Atchison,  Topeka  and  Santa  Fe  Company.  He  also 
located  what  he  always  considered  a  far  better  line  into  New  Mexico  by 
way  of  Emory's  Pass  on  the  Dry  Cimarron  for  the  Arkansas  Valley  and 
Cimarron  Railway,  an  enterprise  which  failed  by  reason  of  the  panic  of 
1873.  He  went  to  Europe  in  1874,  in  the  hope  of  reviving  the  interest 
of  Dutch  capitalists  in  this  enterprise,  but  confidence  in  American  rail- 
way schemes  had- received  too  severe  a  shock,  and  it  was  impossible  to 
induce  them  to  go  on  with  the  work.  Subsequent  events  have  verified 
with  singular  accuracy  the  estimates  which  Mr.  Morley  made  of  the 
traffic  and  profits  of  such  a  road,  and  have  proven  that  it  would  have 
been  one  of  the  best  paying  pieces  of  railroad  in  the  Rocky  Mountains. 
In  1876,  as  locating  engineer  on  the  Denver  and  Rio  Grande  Railway,  he 
located  the  line  of  that  road  over  the  Veta  Pass  in  Colorado.  During 
the  years  of  inaction  in  railroad  work  which  followed  1873,  Mr .  Morley 
occupied  much  of  his  time  in  becoming  thoroughly  familiar  with  the  whole 
southwestern  country  as  a  field  for  railroads,  and  acquired  a  knowledge 
of  its  topography  and  resources  so  extensive  and  thorough,  and  a  fund 
of  information  so  valuable,  that  when  the  Atchison,  Topeka  and  Santa 
Fe  Company  began  the  great  system  of  southwestern  extensions  in 
1878,  his  services  were  at  once  sought  and  obtained,  and  from  that  time 
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he  was  identified  with  all  the  important  works  of  that  company  and  its 
Mexican  connections.  At  this  time  competitive  constriiction  began  be- 
tween the  Santa  Fe  Company  and  the  Denver  and  Rio  Grande,  in  which 
the  prior  occupation  and  possession  of  controlling  points  in  a  region  of 
canons  and  mountain  passes  became  a  very  important  matter,  and  in 
this  sort  of  work  Mr.  Morley's  peculiar  qualities,  local  knowledge  and 
experience  in  mountain  work  brought  him  at  once  to  the  front.  By  a 
night  march  he  seized  the  Raton  Pass  while  the  Denver  and  Rio  Grande 
engineer  parties  were  en  route  to  occupy  it,  and  the  Santa  Fe  Com- 
pany was  locating  it  under  the  personal  direction  of  Chief  Engineer 
A.  A.  Robinson.  Directly  after  occupying  the  Raton  Pass  the 
Santa  Fe  Company  conceived  the  idea  of  building  from  Canon 
City  westward  to  Leadville,  thus  occupying  the  Grand  Canon  of  the 
Arkansas,  which  for  five  miles  was  barely  practicable  for  one  railroad, 
and  had  no  room  for  two.  As  the  Denver  and  Rio  Grande  Company 
already  had  a  line  in  operation  from  Pueblo  to  Canon  City,  this  would 
be  a  vital  blow,  and  a  project  beset  with  unusual  difficulties.  Mr. 
Morley  was  directed  to  undertake  it,  but  before  he  had  time  to  arrange 
his  plans  the  Denver  and  Rio  Grande  Company  quietly  prepared  a 
grading  crew,  and  started  them  by  rail  to  Canon  City.  Mr.  Morley 
learned  of  this  movement  at  Pueblo,  and,  without  a  moment's  delay, 
mounted  a  fleet  horse  and  rode  his  famous  forty  miles  race  by  night  to 
Canon  City,  beating  the  train  by  half  an  hour,  which  was  time  enough 
for  him  to  get  together  a  little  grading  party  and  occupy  the  narrow 
gorge  with  his  volunteer  assistants  of  merchants,  laborers  and  farmers 
before  the  rival  engineers  could  reach  the  ground .  He  had  no  organ- 
ized force  at  Canon  City  when  he  arrived,  and  not  a  soul  knew  of  his 
approach,  but  he  held  the  Royal  Gorge,  and  built  twelve  miles  of  rail- 
road during  a  time  when  the  two  companies  had  several  hundred  men 
under  arms,  and  desperate  work  was  daily  expected.  This  exploit  gave 
him  a  great  reputation  all  through  the  West,  and  it  was  celebrated  in 
many  dramatic  descriptions,  both  in  poetry  and  prose,  in  the  press  of 
that  region. 

The  difficulty  having  been  finally  placed  in  the  hands  of  the  attorneys, 
to  be  adjusted  in  the  courts,  Mr.  Morley  went  south  in  July,  1879,  with 
headquarters  at  Las  Vegas,  New  Mexico,  in  charge  of  the  construction 
of  a  portion  of  the  road  being  then  built  to  connect  with  the  Southern 
Pacific. 

In  1880  he  was  appointed  Chief  Engineer  of  the  Sonora  Railway  Com- 
pany, and  was  entrusted  by  President  Nickerson  with  building  that  road 
from  Guaymas,  northward,  to  a  connection  with  the  Atchison,  Topeka 
and  Santa  Fe  Railroad,  on  the  Mexican  boundary,  a  distance  of  265 
miles.  This  he  accomplished  in  two  years  and  a  half,  and  while  it  is  un- 
doubtedly his  greatest  work,  its  real  merit  and  magnitude  will  perhaps 
never  be  appreciated  save  by  those  who  personally  knew  the  enormous 
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difficulties  he  encountered.  Commencing  at  Guaymas,  he  was  cut  o^ 
from  all  direct  communication  with  the  United  States .  Correspondence 
was  slow  and  irregular,  taking  three  to  four  weeks  to  receive  replies 
from  San  Francisco,  and  six  weeks  to  hear  from  Boston. 

Timber  and  supplies  had  to  be  brought  by  coasting  vessels  from  San 
Francisco,  railroad  machinery  and  iron  from  England.  All  the  condi- 
tions were  new  and  strange.  The  people  were  suspicious,  contemptuous 
and  hostile  to  Americans  and  their  enterprises.  Officials  were  arrogant 
and  annoying  in  their  conduct  in  many  cases.  Labor  was  difficult  to 
obtain,  and  still  more  difficult  to  keep.  The  climate  was  of  torrid  heat 
and  debilitating  in  the  extreme  to  Northern  men.  All  these  obstacles 
and  many  more  he  met  and  overcame.  He  left  San  Francisco  early  in 
April.  His  party  of  assistants,  organized  in  New  Mexico,  which  should 
have  started  overland  in  March,  was  unaccountably  detained  six  weeks, 
while  Mr.  Morley  reached  the  field  of  his  labors  in  April,  alone,  and 
powerless  to  move  till  their  arrival,  late  in  June.  He  tried  to  form  a 
party  of  natives  and  run  temporary  lines,  but  the  work  of  such  a  party, 
not  one  of  whom  had  ever  seen  a  level,  was  only  a  vexation  which  he 
had  to  endure  while  waiting  the  arrival  of  teams,  instruments  and  skilled 
men.  Thus  the  very  beginning  of  this  work  was  a  struggle,  and  its  con- 
tinuance was  full  of  difficulty.  Nevertheless,  he  not  only  built  the  road, 
the  cheapest  and  best  in  Mexico  at  that  time,  but  such  was  his  remark- 
able executive  ability  and  personal  magnetism,  that  it  is  said  he  became 
the  most  influential  individual  in  the  State,  and  left  every  man  along  the 
line  of  the  road  his  personal  friend.  His  frequent  trips  to  the  boundary 
and  to  Tucson  were  always  events  among  the  ranchmen  and  their  fami- 
lies, and  they  looked  forward  with  delight  to  the  coming  and  going  of 
his  familiar  white-topped  wagon  and  mules.  He  rarely  failed  to  bring 
them  presents,  and  they  frequently  returned  his  attentions  in  many 
characteristic  ways.  When  all  had  failed  that  could  be  done  by  others 
with  some  obdurate  landowner,  Mr.  Morley  would  go  up  the  line,  talk 
and  smoke  awhile,  and  in  a  few  hours  the  man  would  execute  the  papers 
he  obstinately  had  refused  for  weeks  to  sign,  and  that  man  was  there- 
after Mr.  Morley 's  life-long  friend.  He  completed  his  work  loved  by 
every  Mexican  who  had  known  or  met  him,  although  two  years  before 
they  were  prepared  to  hate  the  leader  of  the  railroad  invasion  into  their 
country. 

The  difficulties  that  daily  arose  and  were  overcame,  not  only  directly 
connected  with  the  enterprise,  but  numerous  and  annoying  occurrences 
outside,  made  the  position  extremely  trying.  His  real  happiness 
depended  on  pushing  his  work,  and  in  Mexico  it  was  impossible  to  do 
this,  as  no  one  ever  hurries.  All  his  laborers  being  natives,  the  progress 
of  the  road  depended  largely  upon  the  caprices,  feast  days  and  change- 
able wills  of  the  Yaqui  Indians.  The  situation  can  probably  be  better 
understood  from  the  fact  that  eighteen  months  of  unbroken  effort  passed 
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before  the  road  reached  Hermosillo,  the  capital  of  the  State,  and  only 
ninety  miles  north  of  Guaymas.  This  first  year's  struggle  broke  his 
health  permanently,  but  he  would  have  died  in  Sonora  rather  than  have 
given  up  the  enterprise  after  resolving  to  complete  it.  Thus  the  Sonora 
road  was  finished,  the  latter  175  miles  being  built  in  one  year  and  the 
last  spike  driven  October  25th,  1882.  In  this  same  month,  having  accepted 
the  position  of  Chief  Engineer  of  the  Mexican  Central  Railroad,  with 
headquarters  in  Chihuahua,  he  at  once  proceeded  to  make  a  recon- 
noissance  of  the  line  from  Chihuahua  to  Zacatecas,  and  upon  the  obser- 
vations and  reports  he  then  made  the  road  is  now  being  built.  While 
returning  from  this  trip  he  met  his  death  by  the  accidental  discharge  of 
a  rifle  in  the  carriage  in  which  he  and  others  were  traveling.  The  bullet 
passed  through  his  heart.  He  quietly  said,  "I  am  a  dead  man." 
Before  assistance  could  reach  him  he  came  down  from  his  carriage 
walked  to  the  head  of  the  team,  and  sank  upon  the  ground,  and  with 
this  death  message,  "  Boys,  I  am  sorry  this  has  happened,"  gave  up  his 
life  in  the  open  air,  where  so  many  years  of  his  active,  busy  life  had 
been  spent, 

Mr,  Morley  was  one  of  the  most  able  and  active  of  the  men  who 
have  been  identified  with  the  great  works  of  railroad  extension  into  the 
Southwest,  and  probably  none  had  the  promise  of  a  brighter  future. 
He  was  a  man  of  indomitable  perseverance  and  energy,  self-reliant  and 
courageous,  and  of  great  individuality  ;  a  hard  student  rather  of  things 
than  of  books,  though  his  technical  knowledge  was  ample  and  accurate. 
His  reports  upon  prospective  lines,  covering  not  only  questions  of 
location  and  construction,  but  also  of  operation  of  the  road  and  the. 
resources  and  business  prospects  of  the  region  to  be  traversed,  were 
always  of  singular  ability,  and  displayed  remarkable  judgment,  sagacity 
and  foresight. 

He  was  ever  on  the  alert  for  new  ideas.  He  possessed  remarkable 
powers  of  observation  and  memory,  and  in  the  discernment  of  the  best 
line  for  a  railway  his  knowledge  and  judgment  were  extraordinary. 
That  which  many  others  worked  out  by  laborious  study  and  calculation 
he  perceived  almost  by  intuition  and  with  little  effort,  and  his  prelimin- 
ary lines,  traced  on  horseback  with  hand  level,  pocket  compass  and 
aneroid  barometer,  came  to  be  considered  almost  as  authoritative  as  a 
final  location. 

This  was  notoriously  the  case  in  mountain  work,  in  which  he  had  no 
superior,  and  perhaps  no  equal.  The  ability  to  do  these  things  with 
such  apparent  ease  was  doubtless  partly  a  natural  gift,  but  was  also 
largely  due  to  his  trained  habits  of  observation  and  the  thoroughness  of 
his  early  studies,  whereby  he  had  all  the  resources  of  his  profession  at 
his  instant  command,  and  could  practically  apply  them  under  all  condi- 
tions and  circumstances.  His  railroad  lines  were  located  and  con- 
structed with  a  view  to  paying  the  best  dividends  on  the  cost  and  with 
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no  regard  to  display.  He  cared  nothing  for  "showy"  engineering, 
beautiful  curves,  startling  descents,  etc.  ;  but  of  all  things  in  his  profes- 
sion he  probably  most  admired  tangents  and  30-feet  ruling  grades, 
While  engaged  in  location  and  construction  he  adopted  a  theory  as  to 
the  proper  compensation  for  railway  curves,  which  he  put  into  practical 
use  on  his  later  works.  He  embodied  this  theory  in  a  short  article 
which  he  wrote  to  Mr.  A.  A.  Robinson,  M.  Am.  Soc.  C.  E. ,  the  last  day 
he  spent  at  El  Paso  previous  to  his  final  trip.  This  article  has  been 
read  before  this  Society,  and  will  be  published  in  its  Transactions. 

Mr.   Morley  became  a  member  of  the  American   Society   of  Civil 
Engineers  September  6th,  1882. 
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THE  NORMAN  MEDAL. 


CODE  OF  KULES  FOR  ITS  AWARD. 

L— Competition  for  the  Norman  Medal  of  the  American  Society  of 
Civil  Engineers  shall  be  restricted  to  members  of  the  Society. 

IL— There  shall  be  one  gold  medal,  and  only  one,  struck  for  each 
and  every  fiscal  year  of  the  Society,  and  awarded  as  hereinafter  pro- 
vided. The  dies  therefor  shall  be  with  the  Superintendent  of  the 
United  States  Mint  at  Philadelphia,  in  trust  exclusively  for  the  above 
purpose.  Such  medal  shall  be  of  a  cost  equal  to  the  annual  interest 
received  upon  $1  000  of  the  Consolidated  Stock  of  the  City  of  New 
York,  Certificate  No.  179,  of  the  additional  new  Croton  Aqueduct  Stock 
of  the  City  of  New  York,  authorized  by  an  Act  of  the  Legislature  of  the 
State  of  New  York,  Chap.  230,  passed  April  15th,  1870,  dated  November 
17th,  1873,  now  held  in  trust  by  the  Treasurer  of  this  Society,  and  so 
held  solely  for  this  purpose,  and  shall  be  executed  upon  his  order. 

III. — All  original  papers  presented  to  the  Society  by  members  of  any 
class,  during  the  year  for  which  the  medal  is  awarded,  shall  be  open  to 
the  award,  provided  that  such  papers  shall  not  have  been  previously 
contributed  in  whole  or  in  part  to  any  other  association,  nor  have 
appeared  in  print  prior  to  their  publication  by  the  Society,  nor  have  been 
presented  to  the  Society  in  any  previous  year. 

IV. — The  Board  of  Censors  to  award  the  medal  shall  consist  of  three 
members  of  the  Society,  to  be  designated  by  the  Board  of  Direction. 
The  Secretary  of  the  Society  shall  act  as  Secretary  to  the  Board  of 
Censprs . 

V. — The  medal  shall  be  awarded  to  such  paper  as  the  said  Board  shall 
judge  to  be  worthy  of  special  commendation  for  its  merits  as  a  contribu- 
tion to  engineering  science,  not  merely  relatively  as  compared  with 
others  presented  during  the  same  year,  but  as  exhibiting  the  science, 
talent  or  industry  displayed  in  the  consideration  of  the  subject  treated 
of,  and  for  the  good  which  may  be  expected  to  result  from  the  discussion 
and  the  inquiry. 

VI.— In  case  no  paper  presented  during  the  year  shall  be  deemed  of 
sufficient  value  to  receive  an  award,  the  amount  of  the  interest  of  the 
fund  for  that  year  shall  be  expended  by  the  Board  of  Direction  in  the 
purchase  of  books,  to  be  offered  as  a  premium  for  the  second  best  paper 
in  the  next  year  in  which  more  than  one  paper  of  sufficient  value  may  be 
presented. 

VII. — The  medal  year  shall  terminate  on  the  first  day  of  August,  and 
the  award  shall  be  announced  at  the  annual  meeting. 

VIII. — The  Treasurer  of  this  Society  shall  cause  the  medal  to  be 
prepared  and  delivered  to,  or  deposited  to  the  order  of,  the  successful 
competitor,  within  two  months  after  the  annual  meeting  at  which  the 
same  shaU  have  been  awarded. 
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THE  ROWLAND  PRIZE. 


CODE  OF  RULES  FOR  ITS  AWARD. 

Not  more  than  one  prize  shall  be  awarded  each  year  for  papers  pre- 
sented during  the  year.  The  medal  year  shall  terminate  on  the  first  day 
of  August,  and  the  award  shall  be  announced  at  the  annual  meeting  in 
January. 

The  prize  shall  consist  of  fifty  dollars  in  cash. 

The  award  shall  be  made  by  a  committee  consisting  of  the  Secretary 
and  two  members  of  the  Society,  to  be  appointed  by  the  Board  of  Di- 
rection. 

The  prize  shall  be  awarded  to  such  paper  as  the  committee  deem 
most  worthy  of  such  recognition,  the  preference  being  given  to  papers 
describing  in  detail  accomplished  works  of  construction,  their  cost  and 
manner  of  execution,  and  the  errors  in  design  and  execution. 
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FROCEEDINaS 


Vol.    IX.— August,  1883. 
MINUTES  OF  MEETINGS. 

(Abstract  of  such  as  may  be  of  general  interest  to  members.) 


Note. — No  meetings  of  the  Society  were  held  in  August. 


ADDITIONS  TO 


LIBRARY    AND    MUSEUM 


From  Charles  A.  Allen,  City  Engineer, 
Worcester,  Mass.: 
Annual  Reports  of  the  several  Departments  of 
the  City  of  Worcester,  for  the  year  ending 
November  30th,  1882. 

From  American  Society  of  Mechanical 
Engineers,  F.  R.  Hutton,  Secretary, 
New  York: 
List  of  Members,  Officers,  and  Rules,  March, 

1883. 

From  American  Institute  of  Mining 
Engineers,  Dr.  T.  M.  Drown,  Sec- 
retary, Easton,  Pa. : 

Proceedings  of  the  Annual  Meeting  in  Boston, 
February  30th,  1883. 

The  Iron  Ores  of  the  Middle  James  River.  Dr. 
Persifor  Frazer. 

The  Practical  Metallurgy  of  Titaniferous  Ores. 
Wm.  M.  Bowron. 

Microscopic  Analysis  of  the  Structures  of  Iron 
and  Steel.     J.  C.  Bayles. 

Water  Gas  as  Fuel.     W.  A.  Goodyear,  M.  E. 

On  the  Utility  of  the  Method  of  the  Pennsyl- 
vania State  Geological  Survey  in  the 
Anthracite  Field.    Benjamin  Smith  Lyman. 


The  Mining  Region  around  Prescott,  Arizona. 

John  F,  Blandy. 
Notes  on    the    Metallurgy  of  Nickel  in   the 

United  States.     William  P.  Blake,  F.  G.  S. 
Coal  and  Iron  in  Alabama.     T.  Sterry  Hunt, 

LL.  D.,  F.  R.  S. 
A  New  Hydraulic  Separator  to  Prepare  Ores 

for  Jigging  and  Table   Work.     Robert  H. 

Richards.  S.  B, 
Experiments  on  American  Woods.  Prof.  S.  P. 

Sharpies. 
On  the  Occurrence  of  Gold  in  Williamson 

County,  Texas,     1  rof.  Charles  A.  Schetfer. 
The  Determination  of  Copper  in  Steel.    Mag- 
nus Troiliias. 
Note  on  Settling  Tanks  in  Silver  Mills.  Albert 

Williams,  Jr. 
The  Determination  of  Manganese  in  Spiegel. 

G.  C.  Stone. 
Management  of  Structural  Steel.    Albert  F. 

Hill,  C.  E. 
Analysis  ot  Furnace  Gases.    Magnus  Troilius. 
Notes  from  the  Literature  on  the  Geology  of 

Egypt,   and  Examination   of    the  Syenitic 

Granite  of  the  Obelisk  which  Lieut. -Comd'r 

Gorringe,  U.  S.  N.,  brought  to  New  York. 

Dr.  Persifor  Frazer. 
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From  American  Iron  and  Steel  Associa- 
tion,    James    M.     Swank,  Secretary, 
Philadelphia: 
Annual  Report  of  the  Secretary — Statistics  of 
the  American  and  Foreign  Iron  Trades  for 
1882. 

.  From  Association   of  Engineering    So- 
cieties,   H.    G.   Prout,   Secretary  of 
Board.  New  York: 
Joi^rnal  of  the  Association.    Vol.  II.,  No.  4. 
February,  1882. 

From  E.  S.  Bowen,  New  York  : 
Report  of  the  United  States  Board  appointed 
to  Test  Iron,  Steel  and  other  Metals.      Vol. 

I.  Washington,  1881. 

From  Redmond    J.  Brough,   Toronto, 
Canada : 
Annual  Report    of  the    City    Engineer    and 
Manager  Toronto  Water  Works.    December 
31,  1882. 

From  Walter  R.  Browne,  London: 
The  Students'  Mechanics.    Walter  R.  Browne, 
M.  A.     London,  1883. 

From  O.  Chanute,  New  York: 
Report  of  the  United  States  Board  appointed 
to  Test  Iron,  Steel  and  other  Metals.    Vol. 

II,  Washington,  1881. 

From  F.  Collingwood,  New  York: 
Specifications    tor    Building  Warehouses    in 

the  Arches  of  the  New  York  Approach  of 

the  East  River  Bridge.    1883. 
Specifications  for  Steel  Wire  Traction  Ropes 

for    the   New  York  and  Brooklyn  Bridge. 

1882. 
Form  of  Proposal  for  Materials  and  Erection 

of  Buildings  in  the  Arches  of  the  New  York 

Approach  of  the  East  River  Bridge. 
Specifications  for    the    Construction    of   the 

Station  Building  and  Elevated  Platform  at 

the  New  York  End  of  the  East  River  Bridge. 

1882. 
Specifications  for  the  Rope  Driving  Machinery 

for  Operating  the  Railway  of  the  New  York 

and  Brooklyn  Bridge.     1882. 
Proposals  for  Paint,  New  York  and  Brooklyn 

Bridge. 
Photograph   of  the  New  York  Station,  New 

York  and  Brooklyn  Bridge.    April,  1883. 

From  George  H.  Cook,  State  Geologist 
of  New  Jersey,  New  Brunswick  : 
Annual  Report  of  the  State  Geologist  for  the 
Year  1882. 

From  J.  J.  R.  Croes,  New  York  City  : 
Statistical  Table  from  the  History  and  Statis- 
tics of   American  Water  Works.    J.  J.  R. 
Croes,  M.  Am.  Soc.  C.  E.,   M.  Inst.  C.  E. 
New  York,  1883. 

From  Frank  C.  Doran,  Richmond,  Ind.: 
Water  Works  Report  of  Frank  C.  Doran,  City 

Engineer. 
Plan  and  Estimates  for  PropoFed  System  of 
Water  Works  for  Richmond,  Ind.     Rich- 
mond, 1881. 

From  Engineers  Society,  Western  Penn- 
sylvania, J.    H.    Harlow,    Secretary, 
Pittsburgh  : 
Index  to  the  Library  of  the  Society.    C.  L. 

Strobel,  Librarian. 
Actual  Strength  of  Railroad  Bridges.    F.  Mel- 
ber,  C.  E. 

From  George  S.  Greene,  Jr.,  New  York 

City: 

Plan    of    Permanent    Improvement    of   the 

Water  Front  on  the  East  River,  from  Grand 

to  Thirty-fourth  streets,  proposed  by  the 


Commissioners  of  Docks  of  the  Citv  of  New 
York. 

From  John  C.  Goodridge,  Jr.,  New 
York  City: 
Beton  Coignet  and  Goodridge  System  of  Con- 
structing and  Repairing  Railway  and  other 
Structures.  With  Claim  of  Patents  in 
United  States  and  Canada.  John  C.  Good- 
ridge, Jr.,  President,  Stone  Construction 
Company.     {Copies  for  distribution.) 

From  A.  B.  Hill,  New  Haven,  Conn. : 
Annual    Report  of   the    Department  of  the 
Board  of  Public  Works  for  1882. 

From  John  W.  Hill,  Cincinnati  : 
A  Pocket  Manual  for  Engineers.    John  W. 
Hill,    Mechanical    Engineer.      Providence, 
R.I.,  1883. 

From  Institution  of   Civil  Engineers, 
James  Forrest,  Secretary,  London  : 
Publications  edi'ed  by  the  Secretary,  as  fol- 
lows : 
Weights  of  Structures  estimated  Graphi- 
cally.    Joseph  H.  W.  Buck. 
The  Behavior  of  Steam  in  the  Cylinders 

of     Locomotives    during     Expansion. 

Daniel  K.  Clark. 
Long-Distance    Telephony.      George    M. 

Hopkins. 
Account  of  some  further  Tests  of  Riveted 

Joints  of  Steel  Plates  for  Boiler  Work. 

Charles  H.  Moberly. 
Slipway  for  Pleasure  Boats  on  the  River 

Thames.    Charles  J.  More. 
Wire  Rope  Street  Railroads  in  San  Fran- 
cisco and  Chicago,  U.  S.  A.     William 

Morris. 
Covered    Service    Reservoirs.       William 

Morris. 
Some  Points  in  Electric  Lighting.     Dr. 

John  Hopkinson,  F.  R.  S. 
Summit  Level  Tunnel  of  the  Bettus  and 

Festiniog  Railway.    William  Smith. 
The  Electrical  Transmission  and  Storage 

of  Power.    Dr.  C.  William  Siemens,  F. 

R.  S. 
The  Introduction  of  Irrigation  into  New 

Countries,  as  Illustrated  in  Northeastern 

Colorado.     Patrick  O'Meara, 

Machine  Tools  : 

I.  On  Machine  Tools,  and  other  Labor- 
saving  Appliances,  Worked  by  Hy- 
draulic Pressure.    Ralph  H.  TweddelL 

II.  Stampinar  and  Welding  under  the 
Steam  Hammer.  Alexander  McDon- 
nell. 

The  Capacity  of  Storage  Reservoirs  for  Water 

Supply.     W.  Rippl. 
The  River  Indus  as  a  Source  of  Supply  for  Ir- 
rigation—Canals in  Scind.  Charles  S.  Fahey. 
Various  Methods  of  Determining  Dimensions. 
Dr.  James  VV  eyranch,  translated  by  George 
R.  Bodmer. 
The  Horizontal    Thrust  of  a  Mass  of  Sand. 

George  H.  Demoin,  M.  A.,  F,  R.  S. 
Modern  Corn  Milling.    Prof.  Cesare  Saldini, 

translated  by  Walter  H.  Ihelwall. 
Minutes    of  Proceedings,    Vols.    LXXI.  and 
LXXII. 

From    Institute    of   Mechanical   Engi- 
neers, W.  R.  Brown,  Secretary,  Lon- 
don : 
Proceedings,  January  and  April,  1883. 

From  the  Iron  and  Steel  Institute,  J.  S. 
Jeans,  Secretary,  London  : 
Journals  of  the  Institute,  No.  2,  1879,  and  No, 
1,  1882. 
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From  Wm.  P.  Judsou,  Oswego,  N.  Y.  : 
Specifications  for  Repairing  the  Masonry  Walls 
of  Fort  Wayne,  Detroit,  Mich.,  under  adver- 
tisement of  April  12,  1883. 

From  E.  H.  Keating.  Halifax,  N.  S. : 
Report  on  the  Means  of  Preventing  the  Loss 
of  Life  and  Property  by  Fire.      E.  H.  Keat- 
ing,  M.   Inst.   C,   E.;  M.    Am.   Soc.   C.  E. 
Halifax,  1883. 

From  L.  H.  Knapp.  Bufifalo,  N.  Y. : 
Fourteenth  Annual  Report  of  the  Bufifalo  City 
Water  Works  for  the  Year  1882. 

From  J.  Fras.  Le  Baron,  Jacksonville, 
Fla.: 

Reports  of  the  Trustees  of  the  Sanitary  Im- 
provement Bonds  of  the  City  of  Jackson- 
ville to  the  City  Council,  July  Ist,  1881  ; 
July  1st,  1882,  and  March  14th,  1883, 
(Several  copies.) 

Part  of  the  Hog  Frame  of  the  U.  S.  Steam 
Transport  "Maple  Leaf,"  which  was  sunk 
April  1st,  1864,  in  the  St.  John's  River,  Fla., 
between  Mandarin  Point  and  Orange  Park, 
by  a  rebel  torpedo,  while  engaged  in  trans- 
porting Troops  and  Quartermaster's  Stores 
from  Pilotka  to  Jacksonville.  (It  was  re- 
moved by  the  U.  S.  Government,  under  the 
direction  of  Capt.  J.  C.  Post,  Corps  Engi- 
neers, U.  S.  A.    February,  1883.) 

From  Charles    Macdonald,   New    York 
City: 
Van  Nostrand's  Science  Series,  No.  65.  Pocket 
Logarithms  to  Four  Places  of  Decimals, 

From  Master  Car-Builders'  Association, 

M.  N.  Forney,  Secretary,  New  York 

City: 

Report  of  the  Proceedings  of  an  adjourned 

Meeting  of  the  Association,  held  at  Niagara 

Falls.   October   10th,   11th  and  12th,   1882. 

New  York,  1883. 

From  Michigan  Association  of  Survey- 
ors and  Civil  Engineers,    Prof.  R.  C. 
Carpenter,  Secretary  and  Treasurer, 
Lansing  : 
Proceedings  of  the  Association  at  its  Fourth 
Annual  Meeting,  held  at  Lansing,  January 
9th,  10th  and  11th,  1882. 

From  Midlaml  Institute  Mining,    Civil 
and  Mechanical  J^ngineers,  Barnsley: 
Transactions,  Vol.   VIII.,  Part  LXVI.      May, 
1883. 

From  George  S.   Morison,   New  York 

City: 

Specifications  for  Superstructure  of  Bridge 

across  the   Williamette   River   at  Portland, 

Oregon,  Northern  Pacific  Railroad, 

General  Plan  of  260  feet  Span  of  Williamette 

Bridge,  Northern  Pacific  Railroad. 
The  Plattsmouth  Bridge.    A  Report  to  Charles 
E.  Perkins,  President  of  the  Chicago,  Bur- 
lington and  Quincy   Railroad.     George  S. 
Morison,  Chief  Engineer. 

From  Prof.  Henry  Morton,  Hoboken, 
N.  J.: 
Report  on  the  Storage  Batteries  of  the  Elec- 
trical Power  Storage  Company.  Prof.  Henry 
Morton.    February  17,  1883. 

From  Simon  Newcomb,  Superintendent 
American  Ephemeris.  Washington  : 
Astronomical  Papers  prepared  for  the  use  of 
the    American     Ephemeris    and    Nautical 
Almanac.      Vol.    I.,   Part  VI.    Transits  of 
Mercury,  1677-1881.     Washington,  1882. 
From  Isaac  Newton,  New  York  City : 
New  York  Water  Supply.    Report  on  Storage 


Reservoirs  in  the  Croton.  Isaac  Newton. 
Opinion  of  Consulting  Engineers.  (Copies 
for  distribution, ) 

From  John  A.  Partridge,  Syracuse, 
N.  Y.: 
Photograph  of  Lifting  Bridge  for  Double 
Track  Railway.  Erected  over  Oswego  Canal. 
1st  Residency  of  Syracuse  Division,  N.Y.,  W. 
S.  &  B.  R.R.  J.  A.  Partridge,  Division  Engi- 
neer. 

From  E.  Prince.  Quincy,  III.: 
Water  Works  Case — Decision  of  the  Supreme 
Court  recently  I'endered  regarding  tlie  lay- 
ing of  water  pipes  in  the  streets  of  the  City 
of  Quincy,  111.  Decision  in  favor  of  the 
Water  Company. 

From  Thomas  P.  Roberts,  Pittsburgh, 
Pa.: 
Prospectus  of  the  Pittsburgh  East  River  Rail- 
road, 1883.    Thomas  P.  Roberts,  Chief  Eu- 
ginfer. 

From  L,   Sautter,   Lemonnier    &   Co., 
Paris  : 
Notice  sur  les  Phares  Fanaux,  Bouees  et  Sig- 
naux  sonores.     L.  Sautter.     Paris,  1880. 

From  CoUingwood  Schreiber,  Chief  En- 
gineer and  General  Manager,  Cana- 
dian Government  Railways,  Ottawa  : 
Reports.    Railway  Statistics  of  Canada,  1881 — 

'82. 
Map  showing  Railways  of  Canada,  1882. 

From  T.  Guilford  Smith.  Buffalo,  N.  Y.: 
Report  of  the  President  and  Managers  to  the 
Stockholders  of  the  Philadelphia  &  Reading 
Railroad  Co.,  and  the  Philadelphia  it  Read- 
ing Coal  and  Iron  Co.     Philadelphia,  1882. 

From  Society  of  Engineers,   Bartholo- 
mew Reed,  Secretary,  London: 
Transactions  for  1882. 

From  St.  Paul  Chamber  of  Commerce, 

F.  A.  Fogg,  Secretary,  St.  Paul,  Minn.: 

Annual  Report  ot  the  St.  Paul  Chamber  of 

Commerce  for  the  Year   ending  December 

3l8t,  1882. 

From  J.   H.  Striedinger,    Tombstone, 

Arizona: 

Three  Photographs,   showing   Dredge  Boats 

uted  in  Improvement  of  Magdaleua  River, 

U.  S.  of  Colombia.  J.  H.  Striedinger,  A.  M., 

Chiel  Engineer. 

From     United     States    Charcoal     Iron 
Workers,  John  Birkinbine,  Secretary, 
Philadelphia: 
Journal  of  the  Association.    June,  1883.   Vol. 
4,  No,  3. 

From  United  States  Light  House  Board: 
Regulations  for  Lighting  Bridges  over  Navi- 
gable Rivers.     April,  1883. 

From  United   States    Naval    Institute, 
Annapolis,  Md.: 
Proceedings.     Vol.  IX.,  No.  1,  1883. 

From  U.  S.  Ordnance  Department,  Gen. 
S.  V.  Benet,  Chief,  Washington: 
A  Short  Narrative  of  the  Afghan  Campaigns  of 

1879-80-81,   from    an    Engineer's    point  of 

view.     C.  Hoskyns,  Captain,  R.  E. 
Magazine  Rifles.    Lieut. -Col.  G.  V.  Fosberg, 

V.  C. 
Krupp    Experiments.    Translated    from   the 

Revue  d' Art dlerie. 
Explosives.  Prof,  Charles  E.  Munroe,  U.  S.  N. 
Rifled    Howitzers  and   Mortars.     Translated 

from  the  Memorial  de  Artilloria.      By  Lieut. 

C.W.  Whipple,  Ordnance  Department.U.S. A. 
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Fortress  Warfare.  Capt.  E.  M.  Lloyd,  R.  E. 

The  Training  of  Garrison  Artillery  for  the  At- 
tack and  Defense  of  Fortresses.  Col,  H.  A. 
Smyth,  R.  A. 

Determination  of  the  Value  of  "  C."  Capt. 
John  E.  Greer,  Ordnance  Department,  U. 
S.  A. 

Steel  for  Structures.  Ewing  Matheson,  M. 
Inst.  C.  E. 

The  Theory  of  the  Gas  Engine.  Dugald 
Clerk. 

Re-Loading  Tools.  Maj.  S.  C.  Lyford,  Ord- 
nance Department,  U.  S  A. 

Some  Considerations  respecting  Desertions  in 
the  Army.  Brevet  Brig. -Gen.  Samuel  B. 
Holabird,  U.  S,  A. 

The  Theoretical  Rifle  {El  Fusil  Racional).  E. 
Guillamot,  Captain  in  the  Belgian  Artillery. 

Some  Thoughts  about  the  Future  of  our  Army. 
Brevet-Brig.-Gen.  Famuel  B.  Holabird,  U. 
S  A. 

Hotchkiss'  Flank-Defense  Revolving  Cannon. 

Construction  of  Guns.  Lieut.-Col.  Fornerod- 
Stadler,  Swiss  Artillery. 

Electric  Lighting  Apparatus  for  War  Pur- 
poses. 

Memorandums  of  Artillery  Arrangements. 
Brig.-Gen.  Lawson,  Commanding  the  Royal 
Artillery. 

Simple  b'arriery  in  the  Absence  ©f  Profes- 
sional Assistance.     Capt.  J,  Hotham,  R.  A. 

On  Certain  Conditions  of  Sight  which  Aff"ect 
Accurate  Shooting.  Litton  Forbes,  M.  D., 
F.  R.  G.  S. 

On  the  Defense  of  Harbors  by  Submarine 
Mines.     Lieut.  Charles  Sleeman,  R.  N. 

The  Intendance,  Transport,  and  Supply  Ser- 
vices in  Continental  Armies.  Brevet  Lieut.- 
Col.  Hildyard,  Highland  Light  Infantry. 

The  Attack  of  Intrenchments  by  Field  Ar- 
tillery.    Maj.  W.  Kemmis,  R.  A. 

Notes  on  Hasty  Defenses  as  Practiced  in  South 
Africa.     Maj.  W.  C.  F.  Molyneux. 

Money  and  Property  Accountability  in  the 
Quartermaster's  Department.  Brevet  Brig.- 
Gen.  Samuel  B.  Holabird,  U.  S.  A. 

Report  of  the  Chief  of  Ordnance  for  the  Year 
1882.     Gen .  S.  V.  Benet. 

Swelled  and  Burst  Rifle  and  Carbine  Barrels. 

ThePrecision  of  Fire-Arms.  Captain  P.  A. 
Macmahon,  R.  A. 

The  Forts  of  To-day.  Major  E.  M.  Lloyd, 
R.  E. 

The  Future  of  Electric  Lighting.    St.  George 

Lane-Fox. 
Vauban  and  Modern  Sieges. 
Operations  of  the  British  Navy  and  Transport 

Service    during  the    Egyptian    Campaign, 

1882.    Ensign  Charles  C.  Rogers,  U.  S.  N. 
The  Spezzia  Armor-Plate  Experiments. 
The  Tactics  of  Infantry  in  Battle.     Colonel 

Sir  Lumley  Graham,  Bart. 
The  Further  Development  of  the  Thornycraft 

Torpedo  Vessels.    John    Donaldson,  Esq., 

M.  Inst.  C.  E. 
Torpedo  Boats.    Mr.  John  Donaldson. 
Chilled  Projectiles  against  Armor-Plates.     By 

the  Ordnance  Board,  U.  S.  A. 
Nordenfelt  Machine  Guns. 
Comparison   of    Rodman,    Woodbridge   and 

Crusher  Gauges.     By  the  Ordnance  Board, 

U.  S.  A. 
The  Russian   Field  Artillery  in  the  War  of 

1877-78.    Translated  from  the  Memorial  de 

Artilleria.    Captain  J.  C.  Dalton,  R.  A. 
Mountain  Guns  in  the  Naga  Hills,  1879-'80. 

Lieut.  A.  Mansel,  R.  A. 
Professional  Notes  extracted  from  my  Diary 


during  the  South  African  War  of   1878-'79, 

Lieut.  F.  G.  Slade,  K.  H.  A. 
The  Training  and  Ofticering  of    Reserves  in 

Foreign  Armies.     Captain  H.  Hildyard. 
Some    Cavalry    Topics.       Lieut.-Colonel    P. 

Chenevix  Trench. 
Mihtary  Punishments  in  Foreign  Armies, 
The  Offensive  Defensive  by  Infantry  in  Ex- 
tended Order.    Colonel  T.  Lynden  Bell. 
On  Army  Transport.     Lieut.-Col.  C.  R.  Sher- 

vington. 
Handling  of  Heavy  Ordnance .     George  Faw- 

cus. 
Trials    with    Prismatic    Powders.   Chemical 

Theory  of  Gunpowder.     H.  Delius,  Ph.  D., 

F,  R.  S, 

Fortified  Camps.  A  reply  to  Maj.  Parnell, 
R.  E.;  Capt.  G.  S.  Clark,  R.  E. 

The  Austrian  Army  ;  more  especially  with 
reference  to  the  Military  Train  and  the  Or- 
ganization of  the  Lines  of  Communication  in 
the  Field.  John  Ross  of  Bladensburg, 
Coldstream  Guards. 

The  Training  of  Infantry  for  Battle.  Colonel 
Sir  Lumley  Graham.  Bart. 

The  Duties  of  the  Royal  Engineers  in  the  Time 
of  War,  and  the  best  Organization  for  Ena- 
bling them  to  carry  out  those  Duties. 
Lieut.-Colonel  R.  Harrison,  R.  E. 

Armor.  Speech  of  his  Excellency  Rear-Ad- 
miral Acton,  the  Minister  of  Marine,  in 
the  Chamber  of  Deputies,  Rome. 

Warfare  against  Uncivilized  Races;  or  how  to 
Fight  greatly  Superior  Forces  of  an  Uncivil- 
ized and  Badly-Armed  Enemy.  Lieut.  R. 
da  Costa,  R.  E. 

Account  of  the  Geographical  Operations  in 
Afglianistan  in  1878-80.  Lieut.-Gen.  J.  T. 
Walker,  C.  B.,  F,  R.  S. 

Report  upon  an  Engineer  Field  Park  for  a 
Division.  Major-General  F.  R.  Maunsel, 
R.  E. 

The  Training  of  Prussian  O.ficers:  their  Pro- 
motion, and  how  their  Capabilities  are 
Tested.    Capt.  J.  R.  Lumley. 

Military  Operations  in  the  United  Kingdom 
Considered,  particularly  as  influenced  by 
the  inclosed  nature  of  the  country.  Capt. 
J.  K.  Trotter,  R.  A. 

The  Artillery  Defense  of  a  Fortress.  Lieut. 
A.  P.  Codd,  R.  E. 

Proposed  Changes  in  Musketry  Instruction. 
Major  C.  K.  Brooke. 

The  Strategic  Service  of  Cavalry  (Screening 
and  Reconnoitering  Duties  of  the  Cavalry 
Division).    Capt.  W.  Bowdler  Bell. 

Naval  Tactics  on  the  Open  Sea,  with  the  Exist- 
ing Types  of  Vessels  and  Weapons.  Capt. 
The  Hon.  Edmund  R.  Freemantle,  C.  B., 
C.  M,  R.  N. 

Visual  Signaling.  Edward  J.  C.  Rambusck, 
Premier-Lieutenant  Royal  Danish  En- 
gin  eei's. 

The  Progress  of  the  Electric  Light.  R.  E. 
Crompton, 

Dir6ct  Application  of  Power,  Lieut,-Col., 
A.  R,  Bufl&ngtou,  Ordnance  Department, 
U.  S,  A. 

Bartlett's  Formulas.  Major  George  McKee, 
Ordnance  Department,  U.  S.  A. 

Gas  Checks  for  Breech-Loading  Cannon. 

Preservation  of  Moisture  for  Seasonable  Rain- 
fall.    Gen.  William  W.  Burns,  U.  S.  A. 

Captain  Dutton's  Report  on  the  Tertiary  His- 
tory of  the  Grand  Caiion  District. 

From  Robert  Van  Buren,  Brooklyn: 
Annual  Report  Department  of  City   Wojks» 
City  of  Brooklyn,  for  the  year  1882. 
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From  the  Water  Commissioners,  Buf- 
falo, N.  Y.: 
Fourteenth  Annual  Report  of  the  Buffalo  City 
Water  Works  for  the  year  1882. 

From  John  Whitelaw,  Cleveland : 
Twenty-seventh  Annual  Report  of  the  Board 
of  Trustees  of  Water  Worlis  of  the  City  of 
Cleveland,  Ohio.     (2  copies.) 

From  H.  M.  Wightman,  Boston: 
Annual  Report  of  the  City  Engineer  of  Boston. 
H.  M.  Wightmau.     1882. 

From  John  A.  Wilson,  Philadelphia: 

The  Shamokin,  Sunbury  and  Lewisburf^f  Rail- 
road Co.  vs.  The  Northern  Central  Railway 
Co.  Testimony  taken  before  Hon.  Wra.  M. 
Rockefeller,  President  Judge  at  Sunbury, 
August  8th-llth,  1882, 

Exhibits  to  accompany  testimony  taken  before 
Hon.  Wm.  M.  Rockefeller,  August  Sth-Uth, 
1882. 

Appeal  of  the  Northern  Central  Railway  Co. 
from  a  final  decree  entered  by  the  Court  of 
Common  Pleas  of  Northumberland  Co.  in  a 
case  in  equity,  wherein  the  Shamokin,  Sun- 
bury and  Lewisburg  Railroad  is  plaintiff, 
and  the  Northern  Central  Railway  Co.  is 
defendant.     Counter  Statement  of  Appellee. 

Appeal  of  the  Northern  Central  Railway  Co. 
from  a  final  decree  entered  by  the  Common 
Pleas  of  Northumberland  Co.  February 
5th,  1883. 

Catawissa  Railroad  Co.  and  Philadelphia  and 
Reading  Railroad  Co.  against  the  North  and 
West  Brauch  Railway  Co.  In  the  Court  of 
Common  Pleas  of  Columbia  County,  Pa. 

From  Gen.  H.  G.  Wright,  Chief  of  En- 
gineers,  U.  S.  A.,  Washington: 
Proposals  for  Dredging  the  Potomac  River  at 
Washington,  D.  C. 


Proposals  for  Filling  the  Potomac  River  at 
Washington,  D.  C. 

Proposals  for  Building  Scows  for  Improving 
the  Cape  Fear  River  from  the  Ocean  to 
Wilmington,  N.  C. 

Proposals  for  Furnishing  Materials  for  Im- 
proving the  Cape  Fear  River  below  Wilm- 
ington, N.  C. 

Specifications  for  the  Improvement  of  Big 
Satidy  River,  Kentucky. 

Specifications  for  Improving  Gowanus  Bay, 
New  York. 

Specifications  for  Improving  Harbor  at 
Brazos  Santiago,  Texas. 

Proposals  for  Dredging  in  Royal  River, 
Maine. 

Specifications  for  Removal  of  Wreck  of 
Schooner  "Trade  Wind." 

Practice  in  Europe  with  Heavy  Rifled  Guns. 
Board  of  Engineers.     1883. 

Professional  Paper,  No.  25,  Corps  of  En- 
gineers,  U.  S.  A. 

Inspection  of  the  Improvement  of  the  South 
Pass,  Mississippi  River,  Capt.  W.  H.  Heuer. 
Appendix  L.  Annual  Report  Chief  of  En- 
gineers for  1882.     (Copies  for  Distribution.) 

Annual  Report  of  the  Chief  of  Engineers  for 
1882.     Parts  I.,  II.,  III. 

From  other  Sources: 

The  Bovver-Barflf-Rustless  Iron  Process. 
New  York,     1883. 

Report  of  the  Tests  of  Metals  and  other  Ma- 
terials for  Indiistrial  Purpose?,  made  with 
the  U.  S.  Testing  Machine  at  Watertown 
Arsenal  during  the  year  ending  June  30th, 
1882. 

Oflacial  Guide  Book  to  the  Canadian  Pacific 
Railway.  Lands  situated  in  Manitoba, 
Winnipeg,  1883. 


THE  ROWLAND  PRIZE. 


CODE  OF  RULES  FOR  ITS  AWARD. 


Not  more  than  one  prize  shall  be  awarded  each  year  for  papers  pre- 
sented during  the  year.  The  medal  year  shall  terminate  on  the  first  day 
of  August,  and  the  award  shall  be  announced  at  the  annual  meeting  in 
January. 

The  prize  shall  consist  of  fifty  dollars  in  cash. 

The  award  shall  be  made  by  a  committee  consisting  of  the  Secretary 
and  two  members  of  the  Society,  to  be  appointed  by  the  Board  of  Di- 
rection. 

The  prize  shall  be  awarded  to  such  paper  as  the  committee  deem 
most  worthy  of  such  recognition,  the  preference  being  given  to  papers 
describing  in  detail  accomplished  works  of  construction,  their  cost  and 
manner  of  execution,  and  the  errors  in  design  and  execution. 
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THE    NORMAN    MEDAL. 


CODE  OF  RULES  FOR  ITS  AWARD. 

I.  — Competition  for  the  Norman  Medal  of  the  American  Society  of 
Civil  Engineers  shall  be  restricted  to  members  of  the  Society. 

II. — There  shall  be  one  gold  medal,  and  only  one,  struck  for  each 
and  every  fiscal  year  of  the  Society,  and  awarded  as  hereinafter  pro- 
vided. The  dies  therefor  shall  be  with  the  Superintendent  of  the 
United  States  Mint  at  Philadelphia,  in  trust  exclusively  for  the  above 
purpose.  Such  medal  shall  be  of  a  cost  equal  to  the  annual  interest 
received  upon  $1  000  of  the  Consolidated  Stock  of  the  City  of  New 
York,  Certificate  No.  179,  of  the  additional  new  Croton  Aqueduct  Stock, 
of  the  City  of  New  York,  authorized  by  an  Act  of  the  Legislature  of  the 
State  of  New  York,  Chap.  230,  passed  April  15th,  1870,  dated  November 
17th,  1873,  now  held  in  trust  by  the  Treasurer  of  this  Society,  and  sO' 
held  solely  for  this  purpose,  and  shall  be  executed  upon  his  order. 

III. — All  original  papers  presented  to  the  Society  by  members  of  any 
class,  during  the  year  for  which  the  medal  is  awarded,  shall  be  open  to 
the  award,  provided  that  such  papers  shall  not  have  been  previously 
contributed  in  whole  or  in  part  to  any  other  association,  nor  have 
appeared  in  print  prior  to  their  publication  by  the  Society,  nor  have  been 
presented  to  the  Society  in  any  previous  year. 

IV. — The  Board  of  Censors  to  award  the  medal  shall  consist  of  three 
members  of  the  Society,  to  be  designated  by  the  Board  of  Direction. 
The  Secretary  of  the  Society  shall  act  as  Secretary  to  the  Board  of 
Censors . 

y. — The  medal  shall  be  awarded  to  such  paper  as  the  said  Board  shall 
judge  to  be  worthy  of  special  commendation  for  its  merits  as  a  contribu- 
tion to  engineering  science,  not  merely  relatively  as  compared  with 
others  presented  during  the  same  year,  but  as  exhibiting  the  science, 
talent  or  industry  displayed  in  the  consideration  of  the  subject  treated 
of,  and  for  the  good  which  may  be  expected  to  result  from  the  discussion 
and  the  inquiry. 

VI. — In  case  no  paper  presented  during  the  year  shall  be  deemed  of 
sufficient  value  to  receive  an  award,  the  amount  of  the  interest  of  the 
fund  for  that  year  shall  be  expended  by  the  Board  of  Direction  in  the 
purchase  of  books,  to  be  ofifered  as  a  premium  for  the  second  best  paper 
in  the  next  year  in  which  more  than  one  paper  of  sufficient  value  may  be 
presented.  , 

VII. — The  medal  year  shall  terminate  on  the  first  day  of  August,  and 
the  award  shall  be  announced  at  the  annual  meeting. 

VIII. — The  Treasurer  of  this  Society  shall  cause  the  medal  to  be 
prepared  and  delivered  to,  or  deposited  to  the  order  of,  the  successful 
competitor,  within  two  months  after  the  annual  meeting  at  which  the 
same  shall  have  been  awarded. 


mkm   mtki^  ol  |;dl   infltnem. 


PROCEEDIlSraS. 


Vol.    IX.— September,    I883. 


MINUTES     OF     MEETINaS 


(Abstract  of  such  as  may  be  of  general  interest  to  members.) 


OF  THE  SOCIETY. 

September  5th,  1883, — The  Society  met  at  8  p.  m.,  Vice-President 
Paine  in  the  chair ;  John  Bogart,  Secretary.  Ballots  for  membership 
were  canvassed,  and  the  following  candidates  elected  ;  As  Members — 
Andrew  Bell,  Carillon,  Canada  ;  Henry  Isaac  Bliss,  La  Crosse,  Wis. ; 
William  Warren  Card,  Pittsburgh,  Pa. ;  Frank  C.  Doran,  Kichmond, 
Ind. ;  George  Downe,  Eandwick,  Sydney,  New  South  Wales,  Australia  ; 
Christopher  Lawrence  Gates  (elected  Junior  Dec.  4tli,  1878),  Milwaukee, 
Wis. ;  William  Henry  Jennings,  Columbus,  Ohio  ;  Albon  Piatt  Man,  Jr., 
St.  Louis,  Mo. ;  Daniel  McCool,  Marquette,  Mich. ;  Wallace  McGrath, 
Parkersburg,  W.  Va. ;  John  Lawrence  Power  O'Hanly,  Ottawa,  Canada; 
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George  Washington  Polk,  San  Antonio,  Texas  ;  Watson  Wellman  Kich, 
St.  Paul,  Minn. ;  Leonard  W.  Kundlett,  St.  Paul,  Minn. ;  Edward  Hig- 
ginson  Williams,  Philadelphia,  Pa,  As  Associates — Joseph  P.  Card, 
St.  Louis,  Mo.;  George  Fillmore  Swain,  Boston,  Mass.  As  Juniors — 
George  B.  Francis,  Portland,  Oregon;  Alfred  Williams  Trotter,  New  York 
City;  Frederick  Newton  Willson,  Princeton,  N.  J.;  and  Herbert  M. 
Wilson,  New  York  City. 

The  election  as  Fellows  of  the  Society  of  the  following  persons  was 
announced:  John  Lawler,  Prairie  du  Chien,  Wis.;  D.  L.  Wells,  Mil- 
waukee, Wis.;  Alexander  Mitcliell,  Milwaukee,  Wis. ;  C.  L.  Colbj^  Mil- 
waukee, Wis.;  Albert  Conro,  Milwaukee,  Wis.;  Edward  P.  Allis,  Mil- 
waukee, Wis. ;  Francisco  De  Garay,  City  of  Mexico. 

The  deaths  of  the  following  Members  of  the  Society  were  announced: 
Col.  Francis  U.  Farquhar,  Corps  of  Engineers,  U.  S.  A.,  elected  Mem- 
ber July  15th,  1872,  died  July  3d,  1883  ;  Kedmond  J.  Brough,  Toronto, 
Canada,  elected  Member  Sept.  1st,  1880,  died  July  21st,  1883. 

A  paper  by  James  L.  Randolph,  M.  Am.  Soc.  C.  E.,  "On  Vibration, 
or  the  Effect  of  Passing  Trains  on  Iron  Bridges,  Masonry  and  other 
Structures,"  was  read  and  discussed  by  Messrs.  Blunden,  Cooper,  Emery 
and  W.  H.  Paine. 

September  19th,  1883. — The  Society  met  at  8  p.  m.,  Vice-President 
Paine  in  the  chair;  John  Bogart,  Secretary. 

The  death  of  Mr.  John  C.  Trautwine,  C.  E.,  was  announced,  with 
remarks. 

A  discussion  "  On  the  Increased  Efficiency  of  Railways  for  the  Trans- 
portation of  Freight,"  by  Charles  Douglas  Fox,  Cor.  M.  Am.  Soc.  C.  E., 
was  read  and  discussed  by  Messrs.  Bogart,  Cooper  and  W.  H .  Paine . 

A  paper  on  "Bridge  Floors,"  by  W.  Howard  White,  M.  Am.  Soc. 
C.  E.,  was  read  and  discussed  by  Messrs.  Blunden,  Bogart,  Cooper, 
Knap  and  W.  H.  Paine. 


OF  THE  BOARD  OF  DIRECTION. 

August  8th,  1883. — Applications  were  considered.  Action  was  taken 
as  to  arrears  of  dues.     Appropriations  were  made. 

September  5th,  1883. — Applications  were  considered.  Action  was 
taken  as  to  the  Library. 

October  3d,  1883. — Applications  were  considered.  Action  was  taken 
as  to  arrears  of  dues,  A  communication  was  received  from  the  American 
Society  of  Mechanical  Engineers,  and  that  Society  was  invited  to  hold 
its  approaching  annual  meeting  at  the  house  of  the  American  Society  of 
Civil  Engineers. 
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MEMOIRS    OF    DECEASED    MEMBERS. 


ASHBEL  WELCH,  President  Am.  Sue.  C  E. 


Died  September  25th,  1882. 


Ashbel  Welch  was  born  at  Nelson,  Madison  County,  New  York, 
December  4th,  1809.  His  parents  were  Ashbel  and  Margaret  Welch . 
At  the  age  of  seven  his  family  moved  to  Deerfield,  Oneida  County,  New 
York,  and  he  attended  different  schools  in  the  City  of  Utica  from  that 
time  until  the  year  1826.  In  1821  Mr.  Welch's  elder  brother,  Sylvester, 
began  his  career  as  a  civil  engineer  upon  the  works  of  the  Erie  Canal,  at 
Amsterdam,  New  York.  In  the  winter  of  1826  Ashbel  attended  the 
Albany  Academy,  and  was  under  the  immediate  instruction  of  Professor 
Joseph  Henry,  with  whom,  when  the  distinguished  Director  of  the  Smith- 
sonian Institute,  Mr.  Welch  was  afterwards  professionally  engaged. 
Late  in  the  summer  of  1827  Mr.  Welch  left  Albany  to  begin  his  engineer- 
ing life  upon  the  Lehigh  Canal,  He  first  set  foot  in  New  Jersey,  the 
State  with  whose  development  he  was  thereafter  so  intimately  con- 
nected, on  July  31st,  1827,  at  Elizabethtown  Point,  and  traveling  across 
the  State  he  was  detained  at  Morristown  two  days,  waiting  the  arrival  of 
a  stage.  He  thence  went  to  Easton  and  joined  his  brother  Sylvester  at 
Mauch  Chunk.  Sylvester  was  then  Resident  Engineer  of  the  Lehigh 
Canal,  and  Ashbel's  first  service  as  an  engineer  was  in  August,  1827.  He 
notes  in  his  diary  that  he  that  month  first  met  William  Milnor  Roberts, 
his  predecessor  as  President  of  the  American  Society  of  Civil  Engineers, 
and  the  late  Solomon  W.  Roberts,  so  long  the  Chief  Engineer  of  the 
Northern  Pennsylvania  Railroad. 

Mr.  Welch  began  as  a  rodman,  and  his  pay  was  $13  per  month  and 
found.  In  May,  1829,  he  became  leveler,  and  Mr.  Edward  Miller,  whose 
name  is  so  well  known  among  engineers,  was  then  his  rodman.  Mr. 
Welch  continued  upon  the  Lehigh  and  Pennsylvania  Canal  and  upon 
railroad  work  until  September,  1830,  when  he  went  to  Trenton,  New 
Jersey,  upon  the  works  of  the  Delaware  and  Raritan  Canal.     He  first 


Note. — This  memoir  has  been  prepared  by  John  Bogart,  M.  Am.  Soc. 
C.  E.,  Editor  of  the  Transactions  of  the  Society,  who  desires  to  express 
his  obligations  to  Mr.  John  G.  Stevens  and  Mr.  Francis  B,  Stevens  for 
valuable  information;  also  to  the  family  of  Mr.  Welch,  who  have  placed 
at  his  disposal  many  interesting  papers  relating  to  the  life  and  works  of 
Mr.  Welch. 
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visited  Lambertville,  New  Jersey,  May  17th,  1831,  and  took  up  his  final 
residence  there  in  May,  1832,  where  his  home  has  been  ever  since.  He 
was,  in  1832,  ia  charge  of  the  upper  division  of  the  feeder  of  the  canal. 
In  1834  Mr.  Welch  married  Miss  Mary  Hannah  Seabrook. 

In  1835  Mr.  Welch  was  made  the  Chief  Engineer  of  the  Delaware 
and  Raritan  Canal,  and  during  1836  he  made  reconnoissances  and  esti- 
mates for  the  construction  of  the  Belvidere  Delaware  Railroad,  and  on 
August  15th  of  that  year  he  was  appointed  Engineer  of  the  Philadelphia 
and  Trenton  Railroad.  Mr.  Welch,  while  continuing  his  services  as 
Engineer  of  the  railroad  and  canal  works  in  New  Jersey,  was  also 
engaged  during  1838,  1839  and  1840  upon  various  other  works  as  Con- 
sulting Engineer,  in  connection  with  Commodore  Stockton,  Mr.  E.  A* 
Stevens,  Captain  John  Ericsson,  Mr.  Horatio  Allen  and  others. 

He  assisted  Captain  Ericsson  upon  the  plans  for  the  steamer  Princeton. 
He  visited  Virginia  in  reference  to  the  development  of  coal  and  iron 
lands.  He  superintended  the  experiments  in  gunnery  instituted  by 
"Commodore  Stockton,  and  was  constantly  and  very  actively  engaged  up 
to  December,  1844,  when  he  made  a  visit  to  Europe,  the  special  object 
of  which  was  to  supervise  the  construction  of  a  large  wrought-iron  gun 
intended  for  the  United  States  Navy.  He  was  absent  six  months,  and 
traveled  in  England,  Scotland,  Ireland,  France  and  Belgium.  Mr. 
Welch  returned  to  America  in  June,  1845.  In  the  fall  of  that  year  he 
was  engaged  with  Professor  Henry  in  investigations  as  to  methods  of 
telegraphy.  In  1847  he  built  a  wooden  lock  at  the  outlet  of  the 
Delaware  and  Raritan  Canal,  at  Bordentown.  In  consequence  of  the 
failure  of  the  foundation  of  the  old  lock,  which  was  built  on  a  very  fluid 
quicksand,  a  settlement  of  the  walls  occurred  of  so  serious  a  character  as 
to  make  the  construction  of  a  new  lock  necessary.  After  very  careful 
consideration,  Mr.  Welch  determined  to  take  an  entirely  new  departure 
in  regard  to  the  foundation,  and  discarding  piling,  cribbing,  beton,  &c., 
to  build  the  lock  directly  upon  the  quicksand  itself.  He  reasoned  that 
from  the  incompressible  character  of  that  material  it  would  form  the  best 
of  foundations  provided  it  could  be  absolutely  retained  in  place  ;  he  was 
aware,  however,  that  a  great  source  of  danger  would  exist  unless  every 
avenue  was  stopped  by  which  any  undermining  might  occur  from  the 
water,  the  pressure  of  which  would  be  great  both  at  the  inlet  and  outlet. 
From  the  light  nature  of  the  quicksand,  a  leak  no  larger  than  a  pipe-stem 
would  in  time  undermine  the  whole  structure. 

The  plan  was  bold  and  original  in  conception,  and  required  the  most 
•careful  and  cautious  treatment  as  to  the  details  and  methods  to  meet  the 
difficulties. 

The  lock  was  built  of  timber  ;  it  was  constructed  on  the  land  ; 
the  sides  were  divided  in  cells  ;  the  bottom  was  of  exceptionally  heavy 
timber,  all  the  work  being  carefully  jointed  and  then  thoroughly 
oaulked  ;  the  structure  was  then  launched  and  sunk  in  the  pit  which  had 
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been  dredged  for  its  reception  ;  the  cells  were  then  filled  with  selected 
gravel  and  carefully  puddled.  The  inlet  and  outlet  were  protected  by 
lines  of  heavy  steel  piling,  which  were  guarded  by  ingenious  devices  so 
as  to  be  perfectly  water-tight  The  lock  has  now  been  in  use  for  thirty- 
five  years,  and  not  the  slightest  settlement  has  occurred,  evidencing  the 
skill  employed  both  in  the  planning  and  construction. 

This  combination  of  boldness  of  conception  and  excessive  caution  in 
details  is  illustrative  of  Mr.  Welch's  methods. 

In  1848  he  was  in  charge  of  the  work  of  final  location  of  the  Belvidere 
Delaware  Eailroad,  and  built  that  road,  which  was  opened  from  Trenton 
to  Lambertville  early  in  1851.  The  whole  road  was  constructed  to 
Manunka  Chunk  under  Mr.  Welch's  direct  supervision,  including  the 
coal  wharves  at  Trenton. 

On  December  20th,  1852,  the  stockholders  of  the  Delaware  and 
Raritan  Canal  very  suddenly  determined  to  enlarge  its  capacity,  and  that 
work  was  put  in  charge  of  Mr.  Welch,  and  was  successfully  accomplished 
April  4th,  1853,  for  less  money  than  the  original  estimate. 

Among  other  matters  the  enlargement  included  the  construction  of  a 
new  lock  with  walls  of  260  feet  in  length,  the  lengthening  of  twelve 
others  130  feet,  two  of  these  being  tide-locks  requiring  the  use  of  heavy 
coffer-dams.  The  order  from  the  Board  of  Directors  was  given  Decem- 
ber 20th,  with  instructions  to  have  the  work  completed  the  last  of  March, 
which  was  accomplished.  No  place  had  been  prepared  ;  not  a  yard  of 
stone,  not  a  foot  of  lumber,  not  a  pound  of  material  of  any  kind  pro- 
cured ;  furthermore,  there  was  an  absence  of  trained  and  skilled 
labor,  nor  was  there  any  organization  for  the  execution  of  the  work, 
which  had  to  be  done  in  the  depth  of  winter,  at  widely  separated  and 
inaccessible  points,  where  no  facilities  existed  for  sheltering  the  men. 
25  000  cubic  yards  of  masonry  had  to  be  laid,  and  protected  from  the 
frost  during  construction. 

The  necessary  preliminary  arrangements  occupied  a  large  part  of  the 
short  time  allowed,  leaving  not  more  than  fifty  working  days  for  the 
work  itself.  Its  completion  within  the  time  allowed  was  an  evidence  of 
Mr.  Welch's  remarkable  administrative  ability. 

In  the  latter  part  of  1853  Mr.  Welch  prepared  the  plans,  made  all  the 
contracts  and  supervised  the  execution  of  the  works  on  the  Chesapeake 
and  Delaware  Canal,  including  the  construction  of  the  new  locks.  He 
introduced  steam  pumps  and  a  water-saving  basin,  which  has  proved  a 
great  success. 

The  arduous  labors  and  heavy  responsibilities  of  these  works,  partic- 
ularly the  construction  of  the  Belvidere  Railroad  and  the  enlargement 
of  the  Delaware  and  Raritan  Canal,  seriously  undermined  the  health  of 
Mr.  Welch,  which,  for  a  number  of  years  thereafter,  was  very  delicate. 
In  1854,  at  the  suggestion  of  the  joint  Board  of  Direction  of  that  canal 
and  of  the  Camden  and  Amboy  Railroad,  he   again  visited  Europe,  re- 
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turning  in  September  of  the  same  year.  He  then  supervised  the  com- 
pletion of  the  Chesapeake  and  Delaware  Canal,  which  was  opened  in 
May,  1855.  During  the  subsequent  years  he  was  actively  employed 
upon  railroads  and  other  engineering  work,  building  the  railroad 
wharves  at  Amboy,  and  in  1861  was  engaged  in  experiments  with  Mr.  E. 
A.  Stevens  in  reference  to  the  well-known  floating  battery.  In  October, 
1862,  he  was  appointed  Yice-President  of  the  Camden  and  Amboy  Bail- 
road,  and  thenceforward  became  its  executive  officer,  being  active  in  ar- 
ranging the  consolidation  of  the  New  Jersey  railroad  companies.  In 
March,  1867,  the  final  arrangements  were  made,  uniting  the  Delaware 
and  Raritan  Canal  Company,  the  Camden  and  Amboy  Railroad  and 
Transportation  Company,  and  the  New  Jersey  Railroad  and  Transporta- 
tion Company,  so  that  thereafter  their  interests  were  associated,  as 
though  they  were  consolidated  into  one  company.  Mr.  Welch  was 
elected  the  general  president  of  the  associated  companies,  and  was  con- 
stantly in  the  actual  charge  of  the  administration  of  their  affairs,  up 
to  December,  1871,  when  the  properties  of  these  united  companies  were 
leased  by  the  Pennsylvania  Railroad.  Mr.  Welch  thus  became  the 
president  and  manager  of  one  of  the  most  important  lines  in  the  United 
States.  The  companies  owned  a  canal  and  two  lines  of  railway  which 
connected  the  cities  of  New  York  and  Philadelphia,  forming,  as  expressed 
by  Mr.  Welch,  one  single,  though  complex  system. 

The  consolidation  of  the  interests  of  these  companies  added  very 
largely  to  the  aggregate  value  of  their  property,  and  secured  to  the  pub- 
lic much  greater  accommodation  than  had  been  previously  practicable. 

The  connection  made  by  the  construction  of  the  connecting  road  at 
Philadelphia,  and  the  arrangements  whereby  the  passengers  and  freight 
coming  over  the  Pennsylvania  road  were  brought  by  these  lines  to  the 
harbor  of  New  York,  threw  upon  the  manager  very  great  responsibilities, 
which  were  met  with  business  ability  and  cautious  energy.  The  Board 
of  Joint  Directors  comprised  men  of  great  experience  and  ability  in  the 
management  of  great  corporations,  Mr.  Welch  being  the  General  Presi- 
dent, the  Hon.  Hamilton  Fish  Vice-President,  with  Mr.  Joseph  P. 
Bradley  as  General  Secretary.  Among  the  officers  and  directors  were 
well-known  names,  such  as  R.  F.  Stockton,  William  H.  Gatzmer,  John 
G.  Stevens,  Richard  Stockton,  Benjamin  Fish,  Moses  Taylor,  Benjamin 
G.  Clarke,  Dudley  S.  Gregory,  Alfred  L.  Dennis  and  others. 

Mr.  Welch  had  the  absolute  confidence  of  these  gentlemen.  The 
time  was  one  of  great  improvements  in  railway  construction,  repair, 
train  running  and  general  management,  and  to  Mr.  Welch  is  due  the  care- 
ful consideration  and  the  gradual  introduction  of  some  of  the  greatest 
advances  which  have  been  made  in  that  direction  in  the  world. 

In  1869  Mr.  Welch  again  visited  Europe,  traveling  on  the  Continent 
and  in  England  for  six  months.  During  this  trip  he  investigated  care- 
fully the  Belgium  system  of  cable  towing.     In  January,  1871,   negotia- 
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tions  were  commenced  for  the  lease  to  the  Pennsylvania  Railroad  Com- 
pany of  the  properties  controlled  by  the  United  Railroad  and  Canal 
Companies  of  New  Jersey,  which  lease  was  consummated  during  that 
year,  when  Mr.  Welch  retired  from  the  active  management  of  the  road. 
Since  that  date  he  has  been  constantly  engaged  as  consulting  engineer 
upon  many  important  works,  and  notably  during  the  two  years  previous 
to  his  decease  he  has  been  acting  in  that  capacity  for  the  New  York,  West 
Shore  and  Buffalo  Railroad. 

Mr.  Welch  was  appointed  by  the  Governor  of  New  Jersey,  June  29th, 
1882,  a  commissioner  to  determine  upon  plans  for  the  storage  of  the 
waters  of  the  State  for  the  purpose  of  furnishing  the  cities  and  towns  a 
joint  water  supply,  under  an  act  directing  the  appointment  of  such  a 
commission,  and  he  was  engaged  at  the  time  of  his  decease  in  the 
duties  connected  with  this  appointment. 

In  the  active  practice  of  his  profession,  as  connected  with  the  respon- 
sible positions  which  Mr.  Welch  held  almost  continuously  through  his 
long  life,  there  were,  of  course,  very  many  special  engineering  investiga- 
tions which  he  undertook  and  carried  to  completion.  It  is  impossible  in 
a  brief  memoir  even  to  refer  to  the  larger  number  of  these.  Some,  how- 
ever, may  be  noted,  in  which  he  took  the  greatest  interest. 

In  the  development  of  improvements  for  transportation  of  freight 
through  canals,  Mr.  Welch  succeeded  in  adding  largely  to  the  carrying 
capacity  of  the  canals  under  his  charge.  Perhaps  the  most  effective 
change  made  by  him  in  this  respect  was  the  introduction  of  steam  power 
to  operate  the  locks  and  haul  the  vessels  in  and  out  of  the  locks.  In 
1868,  the  Delaware  and  Raritan  Canal  having  reached  the  limit  of  its 
locking  capacity,  he  devised  a  method  of  applying  steam  power  at  these 
locks,  and  at  once  increased  their  capacity,  and  therefore  that  of  the 
canal,  at  least  50  per  cent.  This  method  is  still  in  operation,  and  its 
success  is  complete.  The  apparatus  is  safe  and  strong,  and  has  been  kept 
in  order  with  very  small  expense  since  its  introduction. 

Mr.  Welch  was  deeply  interested  in  all  the  questions  connected  with 
canal  navigation,  and  his  consideration  of  the  various  jDoints  involved  in 
the  proposed  Interoceanic  Canals  added  largely  to  the  interest  of  the 
recent  discussions  on  that  subject. 

In  March,  1865,  Mr.  Welch  drew  up,  and  presented  to  his  railroad 
company,  a  scheme  for  telegraphic  safety  signals  to  be  adopted  between 
Kensington  and  New  Brunswick,  which  were,  on  March  27th,  formally 
adopted  by  the  company.  This  scheme  secured  the  introduction  of  a 
system  by  which  a  train  passing  one  of  the  signal  stations  should  be  in- 
formed whether  the  preceding  train  going  in  the  same  direction  had 
passed  the  next  signal  station,  and  whether  the  track  was  clear.  The 
stations  were  to  be  located  not  more  than  six  miles  apart,  and  at  points 
where,  as  far  as  practicable,  there  should  be  a  good  view  each  way.  The 
signals   were  arranged  so   that    the  signal-man  should  have  a  simple 
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method  of  marking  the  fact  that  a  train  was  on  the  section,  or  that  any 
obstruction  had  been  reported  on  that  section,  and  the  regulation  was 
that  the  safety  signal  should  not  be  exhibited  to  an  approaching  train 
unless  information  had  been  received  that  all  trains  in  the  section  in  ad- 
vance had  passed  the  next  signal  station,  and  that  all  reported  obstruc- 
tion had  been  removed.  The  engine  men  were  ordered  absolutely  to  stop 
unless  the  safety  signal  should  be  exhibited. 

This  system,  adopted  in  the  year  1865,  it  will  be  seen,  was  an  applica- 
tion, and  it  is  claimed  to  have  been  an  original  application,  of  the  system 
of  safety  signals — that  is  to  say,  of  the  theory  that  a  train  should  not  go 
upon  any  section  of  the  railroad  until  it  should  be  notified  that,  as  far  as 
telegraphic  communications  for  the  section  in  advance  could  be  relied 
upon,  that  section  was  entirely  free. 

At  the  time  he  put  this  system  in  operation  Mr.  Welch  had  not  heard 
of  the  English  block  system,  which,  however,  as  used  at  that  time,  was 
radically  different,  the  line  being  considered  open  unless  a  block  warn- 
ing was  given.  The  main  point  insisted  upon  by  Mr.  Welch  was  to  se- 
cure affirmative  evidence  that  the  track  was  clear — in  other  words,  to  use 
safety  signals,  not  danger  signals. 

The  tendency  at  the  present  time  is  towards  the  substantial  adoption 
of  the  principle  thus  initiated  by  Mr.  Welch  twenty  years  ago,  and  this 
fact  is  merely  one  of  the  many  proofs  of  the  far-sighted  sagacity  shown 
by  him  in  the  consideration  of  the  subjects  to  which  he  devoted  his 
thought. 

Mr.  Welch  gave  a  great  deal  of  attention  to  the  construction  of  rail- 
way car  trucks,  and  in  1869  invented  an  improved  truck  combining  sev- 
eral modifications  of  the  ordinary  methods  of  construction.  The  ques- 
tion of  the  proper  form,  dimensions  and  weights  of  rails  perhaps  occu- 
pied as  much  of  the  attention  of  Mr.  Welch  as  almost  any  other  subject. 
In  the  year  1865  he  devised  and  selected  the  forms  of  rails  to  be  used  for 
the  New  Jersey  railways,  and  these  were  determined  upon  principles 
very  nearly  identical  with  those  set  forth  in  the  report  of  the  committee 
on  the  form,  weight,  manufacture  and  life  of  rails,  which  was  presented 
to  the  American  Society  of  Civil  Engineers  in  1874,  to  which  report  was 
appended  a  memoir  on  the  subject  written  by  Mr.  Welch. 

In  1866  Mr.  Welch  secured,  after  much  negotiation  and  several  un- 
successful efforts,  the  manufacture  of  steel  rails  of  a  pattern  substantially 
similar  to  those  which  are  now  considered  standard.  These  rails  were 
rolled  at  Sheffield  in  1866,  and  were  laid  down  upon  the  New  Jersey  rail- 
ways in  the  spring  of  1867.  Large  additions  of  the  same  pattern  were 
laid  down  in  1868,  and  all  these  rails  show  remarkable  results. 

Mr.  Welch  wrote  to  considerable  extent  upon  this  subject  of  rails, 
and  his  papers  have  been  published  in  the  Transactions  of  the  American 
Society  of  Civil  Engineers,  in  the  Transactions  of  the  American  In- 
stitute of  Mining  Engineers,  and  in  various  periodicals.     He  developed 
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a  formula  and  tables  showing  his  theory  of  the  comparative  economy  of 
iron  and  steel  rails.  His  careful  labor  upon  this  question  of  the  form, 
weight  and  economy  of  rail  construction  has  contributed  greatly  to  the 
successful  development  of  American  railway  transportation. 

Mr.  Welch  also  studied  the  questions  connected  with  the  manufacture 
of  car  wheels,  and  embodied  his  conclusions  on  this  subject  in  a  number 
of  interesting  papers  and  reports. 

Mr.  Welch  made  very  extensive  investigations,  at  the  request  of  Mr. 
E.  A.  Stevens,  with  reference  to  the  construction  and  alteration  of  the 
great  Stevens  battery.  These  investigations  went  into  many  pertinent 
subjects,  and  particularly  in  regard  to  the  effect  of  shot  under  water,  the 
velocity  of  projectiles,  etc. 

As  General  President  of  the  Associated  New  Jersey  Companies,  Mr. 
Welch  appreciated  the  great  future  advantage  of  large  wharf  and  termiucd 
facilities  at  the  City  of  New  York,  and  the  result  of  his  long-continued 
and  very  arduous  labor  was  the  purchase  of  the  Harsimus  Cove  property, 
which  was  effected  by  the  companies  under  his  advice. 

This  property  was  developed  under  his  direction  by  the  construction 
of  wharves  and  other  improvements,  and  now  affords  to  that  system  of 
railroads  an  excellent  terminus,  which  is  absolutely  necessary  to  the 
transaction  of  its  enormous  business.  The  purchase  of  this  property 
was  accomplished  not  without  opposition,  and  was  persistently  advocated 
and  completed  by  Mr.  Welch,  in  consequence  of  his  assurance  that 
it  was  of  the  greatest  importance  to  the  interests  of  the  railway  system 
of  which  he  had  charge. 

The  character  of  Mr.  Welch  was  of  a  singularly  elevated  tone.  Great 
purity  and  entire  disinterestedness  lay  at  its  foundation.  No  considera- 
tion could  ever  make  him  swerve  a  hair's  breadth  from  an  honorable, 
straightforward  course.  These  facts,  combined  with  the  possession  of 
broad  and  generous  views,  were  among  the  causes  of  the  great  moral  in- 
fluence that  he  exercised.  While  not  demonstrative  in  manner,  he  had 
a  warm,  genial,  sympathetic  nature,  and  where  best  known  he  was  best 
loved.  His  temper  was  most  equable,  and  while  thoroughly  self-poised 
himself,  he  was  always  disposed  to  make  the  largest  allowance  for  the 
faults  of  temper  of  others.  This  marked  peculiarity  was  one  of  the  pro- 
ducts of  his  great  unselfishness. 

A  sketch  of  Mr.  Welch's  life  would  be  entirely  incomplete  and  unfair 
if  reference  were  not  made  to  his  deeply  religious  character.  He  was 
not  only  a  consistent  Christian,  but  he  never  permitted  the  remarkably 
extensive  duties  of  an  active  professional  life  to  interfere  with  the 
discharge  of  quite  as  active  work  connected  with  religion  and  charity. 
He  became  a  member  of  the  Presbyterian  Church  in  the  year  1832,  and 
was  connected  with  that  organization  continuously  to  his  death,  being 
for  many  years  an  elder  of  the  church.  He  took  an  active  part  in  this 
work,  and  exemplified  thoroughly  how  a  man  could  possess  the  business 
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qualifications  which  brought  to  him  the  confidence  of  some  of  the  best 
business  men  in  the  United  States  in  the  management  of  very  great 
interests,  and  at  the  same  time  could  continue  to  be  a  simple-minded, 
earnest,  Christian  gentleman. 

Mr.  Welch  became  a  member  of  the  American  Society  of  Civil 
Engineers  August  7th,  1872.  He  was  made  Vice-President  November 
3d,  1880,  and  President  of  the  Society  January,  1882,  his  death  occurring 
while  holding  its  highest  office.  His  interest  in  the  work  of  the  Society 
was  very  great,  and  his  duties  as  its  President  were  performed  with  the 
same  thoroughness  and  attention  which  he  gave  to  all  the  trusts  which 
were  confided  to  him . 
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PROOEEDINQS. 


Vol.    IX.— October,  1883. 


MINUTES    OF    MEETINGS 

(Abstract  of  such  as  may  be  of  general  interest  to  members.) 


OF  THE  SOCIETY. 

October  8d,  1883. — The  Society  met  at  8  p.  m.,  Director  George  S. 
Greene  in  the  chair  ;  John  Bogart,  Secretary.  Ballots  for  membership 
were  canvassed  and  the  following  candidates  declared  elected  : 

As  Members — Charles  Edward  Henry  Campbell,  Council  Bluffs,  la. ; 
George  Anson  Marr,  St.  Paul,  Minn. ;  Charles  John  Augustus  Morris, 
St.  Paul,  Minn. ;  Andrew  Eosewater,  Omaha,  Neb. ;  Frank  S.  Stevens, 
Albany,  N.  Y. ;  Henry  Robinson  Towne,  Stamford,  Conn. ;  Frederick 
William  Watkins,  New  York  City. 

The  Secretary  announced  the  death,  on  September  22d,  1883,  of  Mr. 
George  Doane  Ansley,  M.  Am.  Soc.  C.  E.,  elected  as  such  September 
4th,  1878. 

Mr.  Robert  L.  Harris,  M.  Am.  Soc.  C.  E.,  made  the  following  re- 
marks : 

Mr.  Chairman  and  Fellow  Members  :  It  is  with  feelings  of  sadness 
that  I  come  here  this  evening,  having  learned  of  the  death  of  three  for- 
mer engineering  associates,  of  one  of  whom  I  would  speak.  Although 
not  a  member  of  this  Society,  yet  he  was  an  eminent  and  able  member 
of  our  profession,  and  as  such  worthy  of  honorable  mention  here, 

Samuel  S.  Montague,  Chief  Engineer  of  the  Central  Pacific  Railroad, 
of  California,  died  the  past  week  near  Shasta,  Cal. ,  at  the  age  of  about 
46  years. 
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It  was  my  social  and  professional  privilege  to  have  been  associated 
with  Mr.  Montague  some  eighteen  years  ago  in  the  Sierra  Nevadas  in 
California  and  Nevada.  He  was  a  quiet,  industrious,  tireless  man  ;  small 
in  stature,  large  in  capacity.  At  about  the  age  of  26  he  was  suddenly 
called  to  take  engineering  charge  of  what  proved  to  be  one  of  the  greatest 
works  of  modern  times.  At  that  time  the  whole  country  was  resounding 
with  the  din  of  arms;  young  men  as  well  as  old  were  distinguishing  them- 
selves in  every  active  way,  and  the  earlier  stages  of  the  enterprise  men- 
tioned, and  its  active  workers,  were  therefore  scarcely  noticed. 

A  bold  and  heavy  piece  of  engineering  was  to  be  located,  designed 
and  constructed.  It  was  difficult  upon  that,  the  distant  Pacific  coast,  to 
have  reference  to  precedents;  while  there  were  also  more  than  the  usual 
number  of  original  problems  to  be  solved,  yet  the  great  expenditure  of 
money  was  carried  on  with  uniformly  successful  results. 

Bold  location,  involving  sharply  curved  tunnels,  heavy  rock  masonry 
and  trestle-work,  was  common;  some  thirty  or  forty  miles  of  very  strong 
timber  snow-shed  tunnels  were  built  along  mountains,  where  in  jolaces 
the  snow  avalanches  would  cut  a  swath  through  the  heavy  timber  of  a 
quarter  mile  wide  for  a  half  mile  down  the  mountain  side.  I  remember 
no  failure  of  these  or  other  structures  except  by  fire. 

Mr.  Montague  would  have  been  a  famous  man  in  any  country  except 
for  his  peculiarly  modest  and  unassuming  manner ;  although  this,  one 
of  the  greatest  works  of  the  country,  went  on  perfectly,  smoothly  and 
rapidly,  with  Mr.  Montague  here,  there  and  everywhere,  yet  he  seemed 
thoroughly  unobtrusive.  Without  at  first  the  title  of  chief  engineer, 
working  with  that  of  acting  chief  engineer,  yet  he  conquered,  fairly 
earned  and  obtained  the  former  title  before  the  construction  was  accom- 
plished, and  ever  since  has  been  the  respected  chief  engineer  of  the 
Central  Pacific  Railroad. 

As  an  instance  to  show  the  small  degree  in  which  he  made  himself 
prominent,  while  his  endeavors  were  entirely  enlisted  in  the  work  and 
his  influence  was  everywhere  felt,  I  will  cite  that  when  the  golden  spike 
from  California  and  laurel  tie  from  San  Francisco  were  being  conveyed 
to  the  site  of  the  last  rail  at  Promontory  (there  to  meet  the  Nevada  sil- 
ver hammer),  these  to  be  noted  articles  were  privately  shown  me  sepa- 
rately upon  the  steamboat  from  San  Francisco  to  Sacramento  by  ac- 
quaintances who  presented  them. 

Upon  the  golden  spike  were  inscribed  the  names  and  titles  of  the 
president,  directors,  secretary  and  treasurer  of  the  railroad,  but  the  name 
and  title  of  the  chief  engineer  were  missing.  I  asked  the  then  owner  of 
the  tie  to  let  me  see  the  inscription  on  the  silver  plate  ;  it  was  similar  to 
that  upon  the  spike;  a  similar  oversight  had  occurred,  and  there  was  no 
mention  of  him  who  had  been  so  largely  instrumental  in  the  success  of 
the  construction  and  whose  approval  had  been  necessary  in  its  details. 
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A  surprised  look  and  few  words  were  all  that  was  necessary.  *'  What 
could  be  done  ?  We  would  not  omit  the  name  and  title  of  this  busy 
worker,  our  active  head  and  our  friend,  for  anything,  and  it  is  now  too 
late  for  re-engraving  !  "  The  omissions  were  remedied,  however,  for  the 
inscriptions,  as  handed  to  and  telegraphed  by  the  reporters  at  the  cele- 
bration, contained  the  name  and  title  of  Samuel  S.  Montague,  Chief 
Engineer,  although  these  were  engraved  subsequently. 

While  a  bold,  yet  he  was  not  an  aggressive  man.  Timidity  was  never 
shown,  and  his  parties  took  this  cue  from  their  leader.  During  the  ex- 
plorations easterly  toward  the  Rocky  Mountains,  his  parties  worked  with 
little  if  any  escort,  while  it  was  the  complaint  of  some  of  the  parties 
working  from  the  east  that  their  movements  were  sometimes  hampered 
by  their  military  friends. 

We  engineers  appreciate  and  admire  master-pieces  of  creative  design, 
harmonious  structure  and  grand  usefulness  among  the  works  of  men. 
"  An  honest  man  is  the  noblest  work  of  God,"  and  as  such  we  part  with 
our  friend  Samuel  S.  Montague,  C.  E. ,  at  the  close  of  his  useful  and 
honorable  career. 

On  motion  of  Mr.  Robert  L,  Harris,  the  following  was  adopted  : 

Resolved,  Recognizing  Mr.  Samuel  S.  Montague,  Chief  Engineer 
Central  Pacific  Railroad  of  California,  as  a  leader  in  our  profession,  we 
join  our  esteem  to  that  of  his  associates  and  express  our  regrets  at  so 
early  a  close  to  his  useful  and  honorable  life. 

A  paper  by  James  Christie,  M.  Am.  Soc.  C.  E.,  on  the  subject  of 
"Experiments  on  the  Strength  of  Wrought-Iron  Struts,"  was  read,  in 
the  absence  of  the  author,  by  the  Secretary,  and  discussed  by  Messrs. 
Cooper  and  Emery. 

October  17th,  1883. — The  Society  met  at  8  p.  m..  Director  William 
G.  Hamilton  in  the  chair  ;  John  Bogart,  Secretary. 

A  paper  by  Mr.  Charles  J.  Appleby,  M.  Inst.  C.  E.,  of  London,  on 
*' Cranes  as  Labor-Saving  Machines,"  was  read  by  the  author  and  dis- 
cussed by  Messrs.  Emery,  Greene,  Cartwright,  Piatt,  Cooper,  HamiltoK, 
R.  L.  Harris,  Forney  and  the  author. 
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THE  ANNUAL  MEETING. 

The  Annual  Meeting  will  be  held  at  the  House  of  the  Society,  New 
York,  on  Wednesday,  January  16th,  1884,  at  10  a.  m. 

The  Annual  Reports  will  be  presented;  officers  of  the  Society  will  be 
elected;  the  time  and  place  for  the  next  Annual  Convention  will  be  con- 
sidered; reports  of  committees  will  be  received  and  discussed,  and  other 
business  will  be  transacted. 

Arrangements  for  Wednesday,  January  16th,  and  for  Thursday, 
January  17th,  will  be  perfected  by  special  committees. 
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Vol.    IX.— November,   I883. 


MINUTES     O.F     MEETINGS 

(Abstract  of  such  as  may  be  of  general  interest  to  members.) 


OF  THE  SOCIETY, 

November  7th.  1883. — The  Society  met  at  8  p.  m.,  Vice-President 
William  H.  Paine  in  the  chair;  John  Bogart,  Secretary.  Ballots  for  mem- 
bership were  canvassed,  and  the  following  candidates  declared  elected: 
As  Members — Thomas  Norton  Bailey,  of  Charleston,  S.  C. ;  Henry  Waller 
Brinckerhoff,  of  Brooklyn,  N.  Y. ;  Ebenezer  Smith  Wheeler,  of  Sault  St. 
Marie,  Mich. 

The  death,  on  October  2d,  1883,  of  Mr.  Thomas  J.  Seely,  M.  Am. 
Soc.  C.  E. ,  and  the  death,  on  October  4th,  1883,  of  Mr.  Henry  Farnam, 
F.  Am.  Soc.  C.  E.,  were  announced. 

A  paper  by  Mr.  Edwin  Thacher,  M.  Am.  Soc.  C.  E.,  ''Description  of 
a  Combined  Triangular  and  Suspension  Bridge  Truss,  and  Comparison 
of  its  Cost  with  that  of  the  Warren,  Pratt,  Whipple  and  Howe  Trusses," 
was  read  by  the  Secretary,  in  the  absence  of  the  writer,  and  was  dis- 
cussed by  members  present. 

A  collection  of  samples  of  Mexicnn  woods  was  presented  by  Mr. 
James  D.  Schuyler,  M.  Am.  Soc.  C.  E.,  and  a  description  of  each 
variety  was  given.  Specimens  of  woods  collected  in  southern  Michigan, 
and  presented  by  Mr.  John  M.  Goodwin,  M.  Am.  Soc.  C.  E.,  and  also 
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specimens  of  woods  collected  in  the  United  States  of  Colombia,  and  pre- 
sented by  Mr.  F.  J.  Cisneros,  M.  Am.  Soc.  C.  E. ,  were  exhibited. 

NovEMBEK  21sT,  1883. — The  Society  met  at  8  p.  m.,  Director  George 
S.  Greene,  Jr.,  in  the  chair;  John  Bogart,  Secretary,  A  paper  by  Mr.  E. 
H.  Keating,  M.  Am.  Soc.  C.  E. ,  on  the  Shubenacadie  Canal,  was  read  by 
the  Secretary,  in  the  absence  of  the  writer,  and  was  discussed. 

A  description,  by  Mr.  Charles  C.  Smith,  M.  Am.  Soc.  C.  E.,  of  a 
hydraulic  canal,  built  in  very  cold  weather,  at  Minneapolis,  was  read  by 
the  Secretary,  and  discussed. 

The  recent  adoption  of  a  system  of  standard  time  for  railways  was 
discussed.  Mr.  J.  E.  Hilgard,  M.  Am.  Soc.  C.  E,,  described  the  measures 
in  progress  in  reference  to  the  adoption  of  a  standard  prime  meridian. 
He  also  stated  the  results  of  the  recent  meeting  at  Rome,  Italy,  of  the 
superintendents  of  the  geodetic  surveys  of  various  nations. 


OF  THE  BOARD  OF  DIRECTION. 

OcTOBEK  31sT,  1883. — Applications  were  considered.  The  following 
members  of  the  Society  were  appointed  a  Board  of  Censors  to  award 
the  Norman  Medal:  Messrs.  William  R.  Hutton,  P.  A.  Peterson  and  F. 
Collingwood. 

The  following  members  of  the  Society  were  appointed,  with  the 
Secretary,  a  Committee  to  award  the  Rowland  Prize:  Messrs.  Lucius  A. 
Smith  and  De  Volson  Wood. 

The  report  of  the  Nominating  Committee  was  presented,  and  the 
action  prescribed  by  the  by-laws  was  directed. 

November  7th,  1883. — Applications  were  considered.  A  letter  from 
the  Mayor  of  the  City  of  Philadelphia,  requesting  the  selection  of  the 
names  of  two  engineers  in  reference  to  the  pavements  for  the  streets  of 
large  cities,  in  accordance  with  an  ordinance  of  the  Councils  of  that  city, 
was  considered.  In  accordance  with  a  vote  of  the  Society  in  a  similar 
case  (see  Proceedings,  Vol.  VIII,  p.  101,  September,  1882),  the  Board 
selected  the  following  names:  Edward  P.  North,  M.  Am.  Soc.  C.  E.,  and 
Robert  Moore,  M.  Am.  Soc.  C.  E. 

In  accordance  with  the  provisions  of  Article  XXVII  of  the  Constitu- 
tion, it  was  ordered  that  the  membership  should  cease  of  six  persons 
whose  arrears  of  dues  had  not  been  paid  after  six  months'  notice  had 
been  given  in  the  regular  form. 
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PROCEEDIlSraS. 


Vol.    IX.— December,  1883. 


MINUTES    OF    MEETINGS 

(Abstract  of  such  as  may  be  of  general  interest  to  members.) 


OF  THE  SOCIETY. 


Decembeb  5th,  1883. — The  Society  met  at  8  p.  m.,  Vice-President 
William  H.  Paine  in  the  Chair;  .John  Bogart,  Secretary.  Ballots  for 
membership  were  canvassed,  and  the  following  candidates  declared 
elected :  As  Members — William  A.  Drake,  Albuquerque,  N.  M. ;  Howard 
Vernon  Hinckley,  Topeka,  Kansas;  William  S.  Lincoln,  St.  Louis,  Mo.; 
Elbert  Nexsen,  Stillwater,  Minn. ;  and  Poulter  Benjamin  Roberts,  Cal- 
cutta, Bengal,  India. 

The  death,  on  November  29th,  1883,  of  Arthur  Spielmann,  M.  Am. 
Soc.  C.  E.,  and  the  death,  on  December  3d,  1883,  of  Howard  Schuyler, 
M.  Am.  Soc.  C.  E.,  were  announced. 

A  paper  by  Louis  J.  Le  Conte,  M.  Am.  Soc.  C.  E.,  on  "Dredging 
Operations  at  Oakland  Harbor,  Cal.,"  was  read  by  the  Secretary,  in 
the  absence  of  the  writer,  and  discussed  by  Messrs.  Cooper,  Glaskin, 
George  S.  Greene,  Jr.,  Prindle,  J.  H.  Staats  and  Worthen. 

December  19th,  1883. — No  quorum  of  the  Society  was  present. 
[Over  100  members  were  at  this  date  at  Niagara  Falls  to  witness  the 
testing  of  the  new  railway  cantilever  bridge.] 


OF  THE  BOARD  OF  DIRECTION. 

December  5th,  1883. — Applications  were  considered.  Arrangements 
were  made  for  the  Annual  Meeting.  The  Secretary  was  requested  to 
prepare  the  Annual  Reports. 
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LIST    OF    MEMBERS 


ADDITIONS. 

MEMBEES. 

Date  of  Election. 

Bailey,  Thomas  N 1st  Lieut.  Corps  of  Engineers,  U.  S.  A. , 

(P.  O.  Box  75,)  Charleston,  S.  C Nov.    7,  1883. 

Beinckerhoff,  Heney  W..91  Munroe  st,  Brooklyn,  N.  Y Nov.    7,  1883. 

Deake,  William  A Chief  Eng.  Atlantic  &  Pacific  R.  R., 

Albuquerque,  N.  M Dec.    5,  1883. 

Gates,  Cheistophee  L (Elected   Junior,   Dec.  4,  1878),  Eng. 

Milwaukee  Bridge  &  Iron  Co.,  Mil- 
waukee, Wis Sept.  5,  1883. 

Hinckley,  Howaed  V Office  Engineer,  Atchison,  Topeka  & 

Santa  Fe  R.  R.,  Topeka,  Kan Dec.    5,  1883. 

Kimball,  Feancis  W Ass't  Cb.  Eng.  Chicago,  Milwaukee  & 

St.  Paul  Ry.,  Milwaukee,  Wis May     2,  1883. 

Lincoln,  William  S, Ch.  Eng.  Wabash,  St.  Louis  &  Pacific 

Ry.,  St.  Louis,  Mo Dec.     5,  1883. 

MoEEis,  Charles  J.  A P.  O.  Box  2544,  St.  Paul,  Minn Oct.     3,  1883. 

Wheelee,  Ebenezee  S Sup't   St.    Mary's   Falls  Canal,  Sault 

Ste.  Marie,  Mich ..Nov.    7,  1883. 

JUNIOR. 

Wilson,  Heebeet  M (Care  of  H.  Wilson),  26  Vesey  st..  New 

York  City ; Sept.    5,1883. 


resignations. 


MEMBEES. 

Andeeson,  Thomas  S October  18,  1883. 

Brooks,  Thomas  B , December  31,  1883. 

GuDE,  Albert  V . . .    December  31,  1883, 

Kneass,  Strickland , December  31,  1883. 

Munroe,  Henry  S December  3 J ,  1883. 

Palmer,  Francis  I  December  31,  1883. 

Symons,  Thomas  W December  31,  1883. 
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